Corrosion costs industry over $6,000,000,000 
annually. business escapes its effects. Attacks 
acids, alkalis, salts, gases and atmospheric 
conditions cause untold damage that often over- 
looked until too late. 


Don't risk needless waste. Most conventional 
coatings fail when corrosion threatens, That’s why 
Amercoat designed give extra protection 
against surface failure. Highly resistant wide 
variety chemicals, brines, fumes, weathering 
and abrasion, available number for- 
mulas, each designed meet specific conditions. 


Corrosion ruined this valve. Amercoat pro- 
tection would have multiplied its useful life many 
times over. sure your plant and equipment are 
safe from corrosion damage. Protect with Amercoat. 


AMERCOAT CORPORATION 


Division 


AMERICAN PIPE AND CONSTRUCTION CO. 
4809 Firestone Blvd., South Gate, Calif. 


Check danger points like this your 

Walls and Ceilings 

Conveyors 

Equipment 


all other areas 
exposed agents 
corresion 
contamination. 
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you have all the facts this low- 
cost, effective means protecting 
buried metal against corrosion? Here 
new booklet filled with basic in- 
formation the use Dowell mag- 
nesium anodes for control corro- 
sion pipe lines, tank bottoms, and 
other types buried metal. 

This page illustrated booklet 
will give you the fundamentals the 


Dowell Incorporated, Dept. 300-5 
Tulsa Oklahoma 


Name 


DOWELL 


MAGNESIUM ANODES 


Help you control corrosion underground metal 


Free booklet tells you how! 


use, design and installation effec- 
tive magnesium anode installations. 
explains how calculate adequate 
current requirements, the number 
anodes required, and the type anodes 
use. Other points covered are how 
locate the anodes for maximum 
effectiveness and the recommended 
procedure for installation. 

Included the booklet are typical 


Please send copy your free booklet Magnesium 


case histories showing the results 
obtained when Dowell magnesium 
anodes were used control under- 
ground corrosion. study these 
case histories will explain why 
many leading businesses and munici- 
palities are using Dowell magnesium 
ground installations against costly 
losses due corrosion. 
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HUGH HAMILTON, 
Vice-Chairman 
Keystone Pipe Line Co., 
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WESTERN REGION 


DIETZE, Director 
Dept. of Water and Power, 
City of Los Angeles, 
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Los Angeles, California 


DAVID T. JONES, Chairman 
The Pacific Tel. & Tel. Co., 
4364 Farmdale Ave., 

North Hollywood, Cal. 
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Long Beach 7, Cal. 
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4818 Beck Ave., 

Bell, Cal. 
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Section 


ROBERT EFFINGER, Chairman 
Shell Oil Co., Inc., 
Martinez, California 


RICHARD TRESEDER, Vice Chair. 
Shell Development Co., 
Emeryville, California 
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Avon, California 
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Salt Lake City, Utah 
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NACE MEMBERS 
You Change Addresses 
You Change Company 


You Change Positions 


Please notify the Central Office NACE, 
919 Milam Building, Houston Texas, 
that you will get CORROSION with- 
out delay and that association records 
kept abreast your progress. 


THANKS! 
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YOUR GUIDE BETTER 
PIPE PROTECTION SERVICE 


Only PLS Provides Complete Facilities 
Six Key Locations 


Pipe Line Service has established complete 

pipe protection facilities six locations meet 

the varying requirements pipe users, 

provide storage space and effect every possible economy 
for customers. You can send your pipe any 

one these plants with full assurance 
that offers you the finest pipe 
protection your money can buy. 


PIPE LINE SERVICE 


General Offices and Plant FRANKLIN PARK, ILLINOIS 


Plants Glenwillard, Penna. Longview, Texas Corpus Christi, Texas Harvey, La. Sparrows Point, Md. 


Vv 


J 

Serves the south Texas 


Offshore rigs last longer with 
Coatings 


BEFORE. Only months normal exposure salt water 
spray and immersion caused this conventional coating fail. 
Another application will necessary once, order 
prevent extreme damage rig framework and equipment. 
costly job that can avoided. 


AFTER. Protective coating being applied 
offshore drilling platform substructures and capbeams. 
Careful compounding this synthetic coating guards vul- 
nerable metal against brine, high humidity, petroleum im- 
purities, many other corrosive agents— gives long protection. 


Durable Coating Systems Cut Maintenance Costs 


Here’s another large oil company that’s saving 
money with Protective Coatings! 
Service life offshore drill rigs has been extended 
thanks more complete protection against salt 
water, high humidity and abrasion. 


There are basic Coating Systems, 
each designed for specific service conditions. There’s 
one meet your corrosion abrasion problem. 


Made in U.S.A. by MINNESOTA MINING & MFG. CO., St. Paul 6, Minn., 
also makers of ‘‘Scotch’? Brand Pressure-sensitive Tapes, ‘Scotch’? Sound 
Recording Tape, Rubberized Coating, Reflective 
Sheeting, “‘Safety-Walk’’ Non-Slip Surfacing, ““3M’’Abrasives, Adhesives. 


ADHESIVES AND COATINGS DIVISION 
411 Piquette Avenue, Detroit 2, Michigan 


General ABRASIVES CoRP., New Rochelle, 
In Canada: CANADIAN DUREX ABRASIVES LTD., Brantford, Ontario 


WRITE FOR FREE advice metal conservation 
problems. Our engineering service will glad 
suggest the proper Coatings. 
obligation. Address: Minnesota Mining 
Mfg. Co., Adhesives and Coatings Div., 411 
Piquette Ave., Detroit Mich. 
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COROMAT 


Field tested, this new underground pipe wrap made the 
Owens-Corning Fiberglas Corp., has shown 300% greater 
tensile strength application than other wraps. This means 
the practical utilization the longer 1200 foot rolls higher 
wrapping speeds without time consuming delays due break- 
age. COROMAT available widths from inches and 
1200 foot lengths. Price $1.18 per square carload lots 

8000 squares $1.50 per square LCL quantities 
all prices FOB destination. 


GLASFAB 


Manufactured the Lexington Supply Company, GLASFAB, 
the new hydrocarbon thermoplastic impregnate Fiberglas cloth 
impervious moisture and heat and has high tensile 
Strength lbs. per inch. Soft, pliable and non- irritating 
the hands, widely used for handwrapping “hot 
field joints, field repairs and for machine wrapping river 


crossings and “hot GLASFAB supplied continuous 
rolls 75, 400, 800 and 1000 ft. lengths. 


KAPCO ROCK SHIELD 


KAPCO Rock Shield, newly developed protective shield for 
pipe and pipe coating was recently subjected vigorous tests 
the rocky terrain West Virginia. Dense limestone rocks 
varying sizes were dropped from height five feet directly 
the shield. The electronic detector showed holidays 
the coating following these tests. This new protective shield 
eliminates the need for padding the ditch under rocky condi- 
tions and has also been used with high degree success 
river and road crossings, padding under river weights, pipe 
anchors and elsewhere where the coating subject damage 
handling. ROCK SHIELD available for early delivery 
Midwestern package which includes strapping, ratchet 
strapping tool and aluminum seals. 


* Manufactured exclusively by Keystone Asphalt Products, Chicago, Ill., 
Division American-Marietta Co. 


For prompt delivery Midwestern maintains warehouse stocks Tulsa, Oklahoma City, Houston, Kansas City and Newark, Ohio 


WRITE MIDWESTERN 
FOR MORE DETAILED 
INFORMATION 
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SYSTEMS 


ATMCSPHE 


Users Ucilon coatings are acclaiming this system- 
atic method for controlling corrosion they report 


getting longer life from equipment plus lower mainte- 
nance costs. may the practical answer your 


own problem. 
First, you this 32-page booklet. lists com- 
3 


mon agents responsible for failures ordinary paints 
and the subsequent corrosion equipment. For each 
the 153 agents listed, presents recommended 
system Ucilon protective coatings for use against 
the specific trouble one which has proved can lick 
the corrosion problem “standstill.” There are sys- 
tems that resist acids, alkalies, salts, oils, water, or- 
ganic materials. 
You choose the best system for your application, 
and doing you automatically select the required 
coatings from the complete Ucilon line. Then follow 
the complete instructions for carrying out the system. 
See what big difference such systematic approach 

corrosion control can make your plant. 
learn why Ucilon Systems succeed often where 


other coatings fail. 
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United Chromium, 


FOR GENERAL RESISTANCE TO: 


R FUME o; 
R PREs, 
IN ATMospy 


Coconut 
Cooking Gas 
Cc 
‘pper Chioride (up to Saturated) 
Copper Cyanide 
Co, 
Pper Pyrophosphate (up to Saturated) 
Co, 
PPer Sulfate (up to Saturated) 
Corn O11 (edible) 
Corn Syrup 
DoT Sprays 
Dipentine 
Di 
1SOdium Phosphate (up to Saturated) 
Dry Clean, 
ing Com, 
Gerben Tetrachloride 
erchlorethylene 
Essential Oils 
Ether (Ethyl) 
Ethyl Alcohol 
Ethylene Glycot 
Ethylene Trichloridg 
Ferrous Sulfate 
Fish Oils 
Flavoring Extracts 
00d Products (general) 
Formaldehyde (up to 37%) 


Fruit juces (edible) 
Gasoline (high aromatic) 
Gasoline (iow aromatic) 
Glucose (pharm, or edible) 


Glucose (Cndustriaty 


East 42nd St., New York 


A MIDWEST OIL COMPANY, for ex- 
ample, coated stock tanks for crude 
oil where salt water corrosion had 
been severe. Inspection years 
later showed that the tank interiors 
were excellent condition and 
that there was still sign fail- 
ure the Ucilon coatings! 


UCILON Protective 


. Ferndale Sta., Detroit 20 Mich. 
Canada: United Chromium Limited, Toronto, Ont. 


products UNITED CHROMIUM, INCORPORATED 


Take advantage 
modern, engineered 
surface protection. 
Send for your copy 
this booklet. 
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ORROSION 


Corrosion protection now greatly simplified 
new preformed Dresser-Bonds and 
chemical welding method that enable any work- 
man bond mechanical couplings steel pipe- 
50% over previously used bonding methods. 

The resistance the Dresser-Bond low as, 
lower than, bond made any other method. 
retains its superior bonding 
manently because (1) homogeneous weld area 
attained and (2) all surface contact variables are 


eliminated. 


MANUFACTURING DIVISION 


(One the Dresser Industries) 


Headquarters: Bradford, Pa. Sales Offices: New York, 
Chicago, Houston, San Francisco, Canada: Dresser 


Mfg. Co., Ltd., 629 Adelaide St., W., Toronto, Ontario. 


1950 


saves 
saves labor 


There danger burning the copper wire, 
pipe inside pipe coating. dangerous fumes. 
heavy equipment. training special skill 
required. Everything you need for complete 
bonds contained compact kit which includes 
preformed bonds, chemicals, flint gun and welders. 

The neoprene coated 1/0 cable which Dresser- 
Bonds are made has been proved for years 
underground service. 

See the Dresser-Bond installed. Ask your Dresser 
Sales Engineer demonstrate mail the cou- 
pon below for low-cost trial kit. 


Dresser Manufacturing Division 
Bradford, Pa. 
Gentlemen: 
Send complete trial kit bonds $32.50. 
Have Dresser Sales Engineer call and demonstrate the 
Dresser-Bond. 
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CATHODIC 
PROTECTION EQUIPMENT 


for over years 


Since the early days wind-driven gen- 
erators the modern air-cooled and oil- 
immersed rectifiers, has 
been the leader engineering the equip- 
ment best suited for cathodic protection 
installations. 


NEW—Completely oil-immersed 
Selenium Rectifier 


add valuable years life 
and service with B-K packaged units 


Brance-Krachy complete package-type protection units include either 
copper oxide selenium, air-cooled oil-immersed rectifiers, under- 
ground “trench wire,” graphite and carbon anodes and coke breeze 
backfill. Complete cathodic protection installations sent your job 
unit. ALCOA magnesium anodes and MILLER’S MULTI- 
COMBINATION METERS stock. have all accessories for install- 


ing any type cathodic protection installation. 


FOR FURTHER INFORMATION WRITE 
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One easy step led the solution the problem 
the left. 


FOR EXCHA NGERS 


That’s not unusual. 

For more than years, INCO’s Corrosion 
Engineering Service studying all forms 
corrosion, making laboratory and field tests, 
summarizing and compiling corrosion data. 


“Our magnesium chloride heat ex- 
changers operate psi. and aver- 
age temperatures 180° said 
producer magnesium. air- 
free solution circulated velocity feet 
second. Our present equipment suffers from 
corrosion pitting and stress corrosion 


Complete records secured through tests 
over 40,000 metal and alloy are 
now INCO’s Corrosion Data File. 


Corrosion Engineering Service reviewed 
reports magnesium chloride which were contained 
the Corrosion Data File. 


Corrosion rates, pitting tendencies and similar 
information pertinent your problems may also 
this file right now. place your 
without cost obligation. 


comprehensive summary this information was 
sent the producer. (He later requested additional 
copies for members his staff.) 


Space limitations make impossible give com- 
plete details the summary here.* The principal con- 
clusions drawn were: 


you have knotty question involving corrosion 
and would like here’s all you have do. 


Corrosion rate Inconel relatively air-free solu- 
tions hot magnesium chloride will ordinarily 
less than mdd. 

Inconel usually not subject pitting below the 
liquid level. 


Just tell the significant details the problem 
you face. ahead from there. 


The coupon below will bring you specially 
prepared work sheet which makes your part 
the job easy one. Send for today. 


Inconel not subject stress corrosion cracking. 


solution under vacuum, Monel showed 
corrosion rate mdd. 

and 30% nickel cast iron have sufficient 
corrosion resistance useful materials for 
pumps and valves. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
Wall Street, New York 


THIS COUPON 


THE INTERNATIONAL NICKEL COMPANY, INC. 

Wall Street, New York 
Perhaps you can help with our corrosion problem. 
Please send copy the Corrosion Data Work 
Sheet for use reporting the details problem. 


The producer installed Inconel equipment with con- 
siderable success. 


*Copies the full summary, exactly furnished this 
broducer, are available. like one, use the 
coupon the right. 


Check here like receive the “Summary 
HEADQUARTERS Corrosion Data Magnesium Chloride Solutions.” 
1950 
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corrosive conditions are shortening the life your 
nil seals, the Johns-Manville Clipper Seal should pro- 
practical solution your problem. 


Here’s why: The Clipper Seal’s molded body 
entirely non-metallic and is, therefore, unaffected 
most forms corrosion. meet special conditions, 
the garter spring which holds the lip contact with 
the shaft can furnished various corrosion-resistant 
metals Clipper Seals special design that not 
require garter springs may 


The one-piece, concentric molded design Clipper 
Seals also assures number other advantages. The 
hard, tough outer heel the Clipper Seal resilient 
enough conform even slightly out-of-round 
cavity. And the soft, pliable inner lip always maintains 
light, but positive sealing pressure the shaft, with 
minimum wear the seal. 


Clipper Seals are quick and easy install, may 
had split endless types, are available sizes 


PACKINGS 


oil seal that’s 


from I.D. 66” O.D. you have special 
sealing requirement, wish consult about 


special design problem, write Johns-Manville, 
Box 290, New York 16, 


Here’s how Seal works: 


The flexible lip (A) held 
light but firm contact 
with the shaft means 
the garter spring (B). Pres- 
sure shaft carefully 
pre-determined mini- 
mize wear, yet effectively 
seal against leakage. The 
rigid heel (C) provides 
press fit the cavity, as- 
suring tight lubricant- 
retaining seal this point 
also. 
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ORROSION buried plant and its 
contingent losses are costing Ameri- 
can industry about billion dollars per 
year,” says the September, 1948, issue 
the authoritative Corrosion magazine. 
you operate water, gas oil lines, com- 
munications, signal and power cables, rail 
tracks, tanks, equipment foundations, 
host other metallic structures, buried 
unprotected contact with soil water, 
you are doubt footing your share 
this colossal waste. 


What do? 


The answer install proper cathodic 
protection against the spontaneous electric 
currents which flow from these metallic struc- 
tures into the soil water. These currents, 
weak though they be, cause disastrous corro- 
sion the metal their point exit. For 
example, current outflow one ampere 
One year accompanies loss much 
lead. 

Ground anodes and backfill material made 
National Carbon Company, Inc., effec- 
tively eliminate losses due such currents 
the simple method reversing the current 
flow. power source connected the 
buried structure and also the anode bed 
which protects it. Current moves through the 
soil from the bed the structure, and thence 
back the power source, thus preventing 
any outflow current from the structure in- 
the ground. “National” Ground Anodes 
are low cost, give long service, reduce 
maintenance costs the minimum and have 


been tried and proved for years. 


GET VALUABLE FREE BOOKLET 
HOW LICK CATHODIC 
CORROSION 


Write to National Carbon Division of Union Car- 
bide and Carbon Corp., for Bulletin M-8500A giving 
complete information carbon, graph- 
ite, and special Na graphite ground anodes; also 
BE-2 backfill material. Tells which type use for 
varying conditions. Gives sizes, spacing, weights, all 
technical details needed in ordering or installing. 


The term “National” is a registered trade-mark of 


NATIONAL CARBON DIVISION 
UNION CARBIDE AND CARBON CORPORATION 

30 East 42nd Street, New York 17, N. Y. 
District Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


Foreign Department: New York, U.S.A. 


These products sold in Canada by 
Canadian National Carbon Company, Ltd., Toronto 4. 


non-profit, scientific and research association in- 
dividuals and companies concerned with corrosion 
interested it, whose objects are: 


(a) promote scientific research determining 
the causes corrosion and methods its control 
with respect theory and practice. 


(b) provide means exchange knowledge 
and ideas among those individuals actively engaged 
the control corrosion. 


(c) promote methods control corrosion. 


(d) promote standardization terminology, 
methods, equipment and design the development 
methods corrosion control. 


foster cooperation between individual own- 
ers metallic structures the solution their joint 
corrosion problems. 


incorporated association without capital stock, 
chartered under the laws Texas. Its affairs are governed 
Board Directors, elected the general member- 
ship. Officers are nominated (1) the Board Directors, 
(2) quorum least members, and elected 
the membership. 

Inquiries regarding membership, and all general corre- 
spondence should directed the Executive Secretary 
the administrative headquarters the National Associa- 
tion Corrosion Engineers 919 Milam Building, 803 
Texas Avenue, Houston Texas. 
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Corrosion Testing Buried 


MAITLAND* 


Abstract 


The corrosion testing methods employed connec- 
tion with buried toll cables various types con- 
struction are discussed detail. The frequency 
test points, method selection, type instruments 
employed and the method analyzing results ob- 
tained are outlined. few typical examples illustrat- 
ing the results corrosion tests and the protective 
measures used correct unsatisfactory conditions 
together with the results obtained are given. The 
necessity for cooperative surveys with other com- 
panies having sub-surface structures the vicinity 
proposed existing buried cables routes also 
stressed. 


Introduction 


HOUSANDS miles long distance telephone 

and telegraph facilities connecting with those 
other operating companie§ the Bell Telephone 
System have been placed the Long Lines Depart- 
ment the American Telephone and Telegraph 
Company. This paper discusses but one the prob- 
lems confronted connection with the maintenance 
one type plant used provide some the 
above facilities. The testing procedures outlined are 
those normally used the Long Lines Department. 


History Buried Cable Development 


The practice placing telephone cables directly 
the earth has been utilized the Bell System for 
many years but this method installing such cables 
for long distance telephony has expanded enormously 
during the past ten years. When the first long dis- 
tance telephone buried cables were originally placed 
about years ago they were protected against physi- 
cal damage means heavy steel tapes placed 
over the lead sheath common all toll cables manu- 
factured that time. These heavy steel tapes were 
protected from direct contact with 
asphalt impregnated jute, and they 
were also separated from the lead 
sheath similar means. 

The development protective 
coatings for buried cables has 
described previously 
Further discussion the various 
types coatings now use will 
not given this paper 
they affect corrosion testing 
procedures. should, however, 
noted that connection with plac- 
copper jacketed type cable 
was found that rocky areas 
sharp rocks occasionally penetrated 
the copper jacket and weakened 


*American Telephone and Telegraph Co., 
Long Lines Department, New York, N. Y. 
paper delivered the Fifth Annual 
Conference, National Association of Corrosion 
Engineers, Cincinnati, Ohio, April 11-14, 1949. 


the thermoplastic that lightning would sometimes 
burn hole through the lead sheath such points. 
provide mechanical protection such areas 
well stream crossings, etc., wire armoring was 
utilized place the copper jacket, retaining the 
thermoplastic for lightning protection purposes. 

Wire armored cables are also used with other than 
copper jacketed cable river crossings and other 
locations where mechanical damage the normal 
sheath protection would anticipated, Where cables 
these types are used copper jacketed cable 
routes they are provided with layers thermoplastic 
between the lead sheath and the first layer jute 
which serves bedding for the armor wires. The 
wires are turn covered with the usual layers 
asphalt impregnated jute keep them from direct 
contact with the soil. 

Table gives rough comparison the approxi- 
mate mileage the various types cable mentioned 
above which the Long Lines Department has 
ownership and Figure shows the geographical dis- 
tribution this buried cable the United States. 


Corrosion Factors Involved with Buried Cables 
order maintain this plant satisfactory 


TABLE 


Mileage Types Buried Lines Department 
January 1949 


Type Cable Sheath Miles | Percent 
Jute Protected.......... =, 2,975 25.7 
Jute-Gopher Protected a 2,690 23.2 
Protected... 1,510 13.0 


KEY 
TYPE OF BURIED CABLE 
««-Thermoplastic Protec- 
ted 
(Tape Armored 
---(Jute Protected 
(Jute-Gopher Protec- 


ted 
—Copper Jacketed 


Figure 1—Buried cable routes, long lines department. 
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condition from corrosion standpoint several factors 
must considered addition the usual stray 
current electrolysis problem. These may summa- 
rized follows: 


With tape armored and gopher protected cables 
combination two metals, steel and lead are in- 
volved. These metals are connected together 
approximately intervals with fairly good 
conductivity medium between the steel and lead 
sheath. The steel protected from direct contact 
with the soil its covering jute, thus giving the 
equivalent coated pipe-line. 

With plain jute protected cable only lead sheathing 
involved. Its protection from the soil may also 
considered approximately equivalent that 
coated pipe-line. 

With thermoplastic protected cable addition 
the lead sheath covered with fairly high resistant 
coating, copper shield wires are placed the ground 
close proximity the cable, thus involving 
combination two metals widely separated the 
electromotive force series elements. 

With copper jacketed type cable two problems are 
involved, where the jacket kept isolated from 
the sheath, the equivalent thermoplastic cov- 
ered cable with shield wires, and where the 


bonded type construction used, the equivalent 
structure combination two metals, lead 


and copper, connected together intervals 
approximately 1400 feet. 

Another problem connection with the copper 
jacketed type construction the possibility 
galvanic couples being set between the copper 
jacket and other types cable which may 
connected branch cable junctions, river cross- 
ings, underground cable conduit, etc. 


Frequency Test Points 


Most the buried long distance telephone cables 
are installed depths from feet with 
maintenance points for gas pressure purposes avail- 
able approximately intervals. such 
points possible obtain access the cable 


sheath for electrical tests after construction without 
excavating. These gas pressure test points are, how- 
ever, the only locations which the cable sheaths 
are accessible without laborious excavating work. 
this respect testing buried cable differs from cor- 
rosion testing pipe-lines—you cannot drive test 
bar into the ground make electrical contact with 
buried cable and expect have 
cable left! 

these intervals the cable sheath avail- 
able for making potential measurements but the cur- 
rent the cable cannot measured unless two test 
connections known spacings are established 
permit millivolt drop reading made. Such cur- 
rent test points are normally provided during cable 
construction work approximately five-mile inter- 
vals cables without thermoplastic protection. 
addition special currest test points are established 
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U WIRE TERMIWAL 


41" GALV. STEEL PIPE, THREADED — 
AT OWE END. WORMALLY S° LONG. 


SECURED TO MARKER wITH 1-1/2" 
(#24) CABLE STRAPS. 


COMDUCTOR TERMINATED 


| 


6'-6" To 9*-6" OR MORE 
REQUIRED TO 


to 
WITH CABLE CLAMP H 
\ = 
\ 
= ere kee 
TERMINATION OF CABLE 
PROTECTION. 


GROUND ELECTRODE 


CABLE PROTECTION. 


CABLE. THERE MUST 


BONDS, SPLICES OR OTHER Sone CONDUCTOR SPLICED THROUGH. 
SHEATH DISCONTINUITIES BE- PIGTAIL, SOLDER, INSULATE, amd 
TWEEN POINTS OF CONNECTION WATERPROOF JOINT 


OF TEST LEADS. 


Figure 2—Arrangement electrolysis test point. 


all major pipe-line crossings, railroad crossings, 
Where pipe-lines railways operated direct 
rent using direct current for signal circuits parallel 
the cable route within 1000 feet, current test points 


are installed each splice location within the 
allel and one-mile intervals where the parallel 


between 1000 feet and one mile, 

thermoplastic protected cables the same ar- 
rangements are used except that the current test 
points within pipe-line railway parallel are lim- 


ited one per mile. Figure shows the arrangement 


typical current test point the above cables. 
copper jacketed cables current measuring test 
points are established more frequently because they 


are used measuring the leakage resistance the 


thermoplastic protection, and are assistance 
locating defects this material. Where buried 
copper jacketed cable terminates passes through 
area which stray current from electric railway 


operation may present, such test points are estab- 


lished intervals within miles the end 


streetcar line. When the cable more than 
miles beyond trolley operation these test points are 


established 2-mile intervals except where pipe-lines 


which cathodic protection may applied cross 
parallel the cable route within one-half mile, When 


pipe-lines the above nature are present, current 


test points are established intervals for 
least two miles each side the pipe crossing and 
within the pipe-line parallel. Additional test points 
also usually are established junctions with other 
types cable such routes. copper jacketed 
cable routes where the jacket isolated from the 
sheath test lead connected the copper jacket 
installed each gas pressure valve point provide 
access the copper jacket for potential and 
ance measurements because the cable construction 
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such that the jacket not otherwise available. 
These test leads also act lightning protection wires 
for the markers carrying the gas pressure equipment 
and hence are terminated the marker posts 
different manner than that used other types 
buried cable. The arrangement used current test 
points copper jacketed cable shown Figure 


Selection Buried Cable Routes 


connection with the selection buried cable 
routes for toll cables, consideration given the 
corrosion possibilities soil characteristics, effect 
other subsurface structures, electric railways, etc. 
Although these items are given special consideration, 
other factors may necessitate locating the cable 
areas where corrosive conditions may present for 
which special measures are required connection 
with the cable construction insure that serious 
detriment the cable will not result, 

studying soil characteristics proposed 
buried cable route, earth resistivity measurements 
are made along the route, 
and the experience utilities and pipe-line compa- 
nies having buried plant, any, the vicinity the 
proposed route obtained order determine the 
desirability installing special coatings the cable. 


some instances has been found desirable 
change the proposed location the cable avoid 
certain areas having known corrosive effect lead 


steel eliminate the necessity for special cor- 
rosive resistant Where the cable route must 
parallel cross electric railways, placed the 
vicinity ground beds used for cathodic protection 
pipe-lines, special effort made insure that any 
necessary corrosion mitigative measures will pro- 
vided for the cable soon practicable after 
placed. 

After the cable route has been selected and before 
the cable placed, the route traversed with pipe- 
line locator ascertain the exact location any 
metallic structures along the proposed route, order 
that special precautions may taken avoid dam- 
age these structures during the cable placing work. 
With the location these structures with respect 
the cable route ascertained far practicable, 
the owners the structures are consulted with re- 
gard the corrosion protection arrangements em- 
ployed their structures. provide permanent 
test points along the cable near crossings 
parallels with structures which cathodic protec- 
tion may have been employed anticipated, the 
owners the structures are invited cooperate 
establishing test connections for the mutual benefits 
derived from such installations. method 
establishing such test points which has generally 
been found satisfactory shown Figure 

This arrangement permits measurement cur- 
rent the cable each side the crossing with the 
other structure, the potential the cable with 
respect the other structure, and the potential 
both the cable and structure earth. some in- 
Stances has been found that the company owning 
the other structure desires establish test connec- 
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tions different manner, particularly where has 
developed standard test point arrangement. Such 
test points are considered entirely satisfactory pro- 
vided arrangements are made permit access the 
test connections either party for tests between the 
two structures periodic intervals may re- 
quired their respective maintenance instructions. 


Testing Methods 


general, two factors are considered the cor- 
rosion testing buried the current (amount 
and direction) the cable, and the potential 


Note 1 
Remove 2° section of outside covering. 
Form tab by. making 2-1/2" cuts in 
ey copper tape 1” apart. 
Bend back tab away from thermoplastic 
Solder No. 14 wire to tab. Replace 
tab, and cover copper tape with 
thermoplastic cement and tape, for 
distance of 6”. At Least 8” between 

Pipe and Wire 

Note 2 
Several inches of slack shall be provided 
in the ground wires below the lowest 
point at which they are stapled to the 
marker post. Slack should also be 4tt 


Provided in the valve pipe to avoid damage 
in case of frost heaving. 


Iron Pipe 


Ground 


Splice Covering Cover of Rubber 


ss Tape or Equiv. 


Copper Jacketed 


No. Wire Soldered 
Tab on Copper Jacket 
Main 


Figure 3—Arrangement for electrolysis testing copper-jacketed cable. 
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TERMINATION FOR TEST LEADS FROM TERMINATION FOR TEST LEADS FROM 
THE TEST INTERVAL WEST THE TEST INTERVAL EAST 
SOUTH SIDE PIPE. STENCIL NORTH SIDE PIPE. 
TOP FACE PLATE WEST SOUTH. TOP FACE PLATE EAST NORTH. 
LEAST 
GROUND ELECTRODE. ONLY ONE 
LEAST 16 INCHES BELOW Y 
GROUND LINE. 
_ APPROX, APPROX. 
ELECTRODE AND CABLE ABOUT 
\ / 


\ 
DIMENSION TO BE MEASURED ALONG CABLE. THERE MUST BE NO Bono, 
SPLICES OR OTHER SHEATH DISCONTINUITIES IN THIS 30 FOOT SECTION. ys 


Figure 4—Arrangement electrolysis test point pipe line crossing. 
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the cable with respect earth. Where pipe-lines are 
present the vicinity the cable route third con- 
sideration also brought into the picture, the poten- 
tial between the two structures, Where thermoplastic 
covered cable employed the leakage resistance 
the thermoplastic also becomes factor protection 
the sheath against corrosion. 

Where measurement the current cable 
shows appreciable loss between test points and 
the potential the cable with respect earth 
negative, corrosion conditions are classified satis- 
factory. measuring the potential earth several 
factors must taken into consideration: the loca- 
tion the electrode used for earth contact, the 
metallic composition the structure being tested, 
and the material used for the electrode. 


For measuring potentials between cable and earth 
has been found that high sensitivity voltmeter 
generally required because the high resistance 
contact encountered the ground electrode. also 
has been found very desirable employ high re- 
sistance millivoltmeter with full scale reading 
1.0 millivolt less for measuring the voltage drop 
(current) along the cable, correcting the millivolt- 
meter readings for the test lead resistances nec- 
essary. 


Tests Non-Copper Jacketed Cable 


For measurements non-copper jacketed type 
cables has been found that the use permanent 
ground electrode consisting short section the 
cable sheath material placed the ground short 
distance from the cable shown Figure quite 
reliable. Measurements such electrodes have com- 
pared favorably ‘with those made lead chloride 
half cells which are employed when measurements 
are made locations where these permanent ground 
electrodes are not installed. The installation cor- 
rosion protective measures not usually considered 
necessary unless there evidence appreciable 
current loss between adjacent test points, evidence 
some local condition which may result positive 
cable-to-earth readings excess .10 volt. When 
necessary apply cathodic protection potential 
approximately .20 volt negative earth consid- 
ered desirable, Near the point application drain- 
age the potential earth may necessity high 
.50 volt negative. 


Tests Copper Jacketed Cable 


For cables the copper jacketed type has been 
found desirable employ copper sulphate half cell 
for cable-to-earth potential measurements in- 
stall permanent ground electrodes copper sheeting. 
Copper sulphate half cells also are used for measur- 
ing the cable-to-earth potential wire armored cable 
lengths copper jacketed cable routes. consid- 
ered that negative potential between copper jacket 
and ground plate copper sulphate half cell greater 
than .25 volt represents satisfactory condition. For 
wire armored cable negative potential value 
more than .70 volt considered sufficiently satisfac- 


tory not require the installation protective 
measures. 


Because the presence two metals, widely sepa- 
rated the electromotive series, close proximity 
electrolyte always introduces the possibility 
corrosion from galvanic action, special attention has 
been given this feature connection with the use 
shield wires the copper jacket covering with 
lead sheathed cable. Where shield wires are present 
along cable route indication appreciable current 


Vol. 


the cable test point considered worthy 


investigation determine these wires are the cause 
this current. several instances they have been 
found the culprits. 

the case thermoplastic protected cables either 
with without copper jacket the non-bonded 
type construction, resistance measurements the 
insulation afforded the thermoplastic have been 
found desirable, Where such measurements show the 
presence low insulation investigation made 


determine the cause and correct the situation 


Use Cathodic Protection 


When because local conditions not found 


practicable correct the low insulation reinsulat- 


ing the sheath such the case gopher 


termite attack, cathodic protection measures are 


applied. Similar measures also may applied where 
tests indicate appreciable current loss where 
positive potentials have been observed between cable 
and earth which cannot dealt with economically 
other means. 


Two types cathodic protection have been uti- 
lized date for protection buried cable: dis- 
tributed anodes zinc magnesium and forced 
drainage using rectifiers and current-carrying 
grounds. general, the use galvanic anodes has 
proved most satisfactory for cables with thermoplas- 


tic protection, because the potential introduced 


the use rectifiers may result electroendosmosis 
near the points application. 


Typical Experiences with Cathodic Protection Systems 


Extensive installations galvanic anodes for pro- 
tection buried cables have been limited date 
long distance cables two areas: west Salt 
Lake City, Utah, using zinc anodes described 
previous and between Overton and Oga- 
llala, Nebr., where magnesium anodes are employed. 


The effect the zinc anode installations the 
cable-to-earth potentials west Salt Lake City 


determined from survey made during July, 1948, 
are shown Figure together with comparison 
the effect these potentials originally obtained 
this protection system 1944. This protection 
has been place for over four years and the most 
recent survey indicates that is, general, operat- 
ing effectively. was, however, found desirable 
supplement the existing protection with additional 
anodes two locations where tests showed the cable 
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less negative earth than considered desirable. 

Comparison recent data with that originally 
obtained this protective installation shown 
Tables and III. 

order determine the condition the anodes 
after four years service one them was dug 
and inspected, Selection the anode for inspection 
was based primarily the data shown Tables 
and III. This anode was one which was buried the 
Bonneville Salt Flats and was expected show con- 
siderable corrosion because had produced over 500 
ampere hours current. Upon investigation was 
found that the zinc bar had lost approximately 
pounds, thus giving corrosion efficiency 130 per- 
cent deduction made for self corrosion. The 
bar was covered with heavy white coating which 
upon handling chipped off exposing the pure 
From the measurements obtained 
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un 


tion such protection has been used relatively few 
instances where local conditions are such that this 
type protection considered more economical 
than other measures. 


typical example the effect rectifier drainage 
shown Figure which the initial effect 
cable-to-earth potentials produced drainage 
two locations approximately miles apart the 
North Platte-Ogallala area may compared with 
that obtained use magnesium anodes using the 
same total current. believed that these results 
tend substantiate the data recently indi- 
cating that protect given area, small units prop- 
erly spaced will require less total current than large 
units spaced greater intervals. 


OFFERENCE IN CABLE TO EARTH POTENTIAL 
WITHOUT ORAINAGE BETWEEN JULY 1948 
AND SEPTEMBER 1944 


believed that the salt coating 


caused the zinc become 


partially passivated, although the 
current delivered the had 
dropped only few mils during 


NOTE TOTAL CURRENT AUG 1948 593 amps 
2 


EFFECT ON CABLE TO EARTH POTENTIAL 
AFTER ADDITIONAL ANODE INSTALLATIONS 
1948 


the appearance the zinc bar after 
removal compared new bar. 

the Overton-Ogallala area 
magnesium anodes were installed intervals 
from two three miles depending upon require- 
ments determined cable-to-earth potential 
measurements and sheath-to-earth resistance mea- 
surements using formulas described 

total anode locations the 120-mile area 
were initially involved this installation, from one 
four anodes being used each location depending 
local requirements. The anodes supplement the 
forced drainage systems originally utilized this 
area which were found insufficiently effective 
due gopher damage the protective covering 
over the steel tape the cables. 


Because installation these magnesium anodes 
was completed during the latter part 1948 results 
their effectiveness throughout the entire area are 
not yet available. Initial results for the anode instal- 
lations cable-to-earth potentials the North 
Platte-Ogallala section the cables are, however, 
shown Figure together with data for each 
these anode installations. 

Forced drainage systems employing rectifiers and 
special current carrying (made) 
grounds have been installed 
number locations long dis- 
tance buried telephone cables with 
Satisfactory results from corro- 
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Figure 5—Salt Lake City—Wendover cables. Effect zinc anodes. 
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Figure 7—North Platte-Sidney cables. Effect magnesium anodes and effect rectifier drainage. 


AT TIME OF ORIGINAL ANODE INSTALLATIONS ANODE ADDED JULY 1948 OR REPLACED 
Figure 6—Comparison New and Used Anodes. 
EFFECT ON CABLE TO EARTH POTENTIAL 
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TABLE 
CURRENT DRAINED—Amperes 
Anode Location | Nov., 1944 | Nov., 1945 | on ee | July, 1948 | Aug., 1948 
.030 .035 .026 
Marker 523.......... 029 .033 


* Anode Re 1948. 
+ New Anodes Added July, 1948. 
t Anode Added November, 1945 


Effect Cable- to-Earth Potentials—Volts 


Anode Location | Nov., 1944 | Nov., “1945 July, 1948 | *Aug., 1948 
Marker 77..........| 0.34 0.20 0.06 
Marker 0.22 0.10 0.07 
Marker 0.31 0.14 0.02 0.02 
Marker 237. 0.42 0.27 0.14 0.14 
Marker 280.......... 0.29 0.14 0.05 0.24 
Marker 358........ .| 0.18 | 0.17 | 0.15 | 0.18 
Marker 419.......... 0.36 0.09 0.30 
Marker 492........ 0.40 0.34 0.15 0.19 
Marker 523.......... 0.30 0.10 0.10 


* Approximately one month after new at 288, 328 
and 457. 


TABLE 


TO-EARTH RESISTANCE 


| Apparent Apparent 
| Resistance Resistance 
Oct., 1944 Nov., 1944 | July, 1948 | Aug., 1948 
Location Ohms | Ohms Ohms Ohms 
Marker 77..........] 1.10 | 4.25 1.00 1. 82 
Marker 237.......... .60 | 25.00 42 2.70 
Marker 280... peal 1.45 | 5.72 88 2.90 
Marker 288.......... ey | Sa 1.08 | 2.50 
Marker 328.......... ee | re 1.20 | 1.03 
Marker 358. foc 2.02 | 9.00 1.35 3.16 
Marker 419......... 1.30 60.00 
Marker 1.00 | 20.00 | 1.15 2.50 
Marker 492...... 1.20 | 13.30 1.20 10.50 
Marker 523... + eck 1.00 | 3.00 .60 2.42 
Potentials 
| Anode-to-Earth Anode-to- Cable- a 
| Resistance | Earth Anode 
Location Ohms | Ohms | Volts Volts 
Marker 77 .........| 1.60 | 3.80 —.404 +.320 
Bierker 119... | | $9.10 —.469 | +.535 
Marker 195 ar 1.70 5.00 —.448 | +.444 
Marker 237.......... 1.05 j 1.82 | —.432 | +.409 
Marker 328..........] | +5.00 |} —.290 | +.530 
Marker 358...... | 7.00 4.00 } —.419 +.570 
Marker 419... 1.30 3.50 —.428 +.388 
Marker 492.. 1.55 1.42 | —.440 +.298 
Marker 523... 1.25 | 2.05 | —.400 +.343 


* This anode was replaced July. 1948—new anode to earth resistance mea- 
sured 0.25 ohms, Potential—.560 volts and cable to anode potential +.440 volts. 


+ New anodes added July, 1948. 
t Anode added November, 1945. 


Cooperation With Other Utilities 


the application cathodic protection measures 
buried structure the necessity for cooperating 


with owners other structures the vicinity the 
structure which planned protect should 


given first attention. The necessity for such coopera- 
tion given particular emphasis connection with 


the establishment cathodic protection measures 
long distance telephone cables, and invitation ex- 


tended known owners other structures which 
are present the vicinity proposed protective 


measures participate tests determine the 


effects such measures their plant. event the 


mental, arrangements are made modify far 


practicable establish the best engineering solu- 
tion satisfactory those concerned. 


Most the long distance telephone buried cable 


routes are located open country that joint com- 


mittees established correlate corrosion control 


measures cities and suburban areas are but little 


interested such situations. The necessity for 


operative work is, however, definitely factor 
providing mutual satisfactory conditions from 
rosion standpoint buried cable and pipe-line plants 
and considered that such cooperative measures 
are particular importance from the standpoint 
corrosion control for all buried structures. 


Conclusion 


Although corrosion experience date with buried 
cable has been very favorable, the rapid increase 
the amount and diversity the types cable used 
introduce problems which necessitate constant 


lance. believed that routine testing 


cables annual basis well worth the time spent 
for assurance that unsatisfactory conditions 
velop which would cause rapid deterioration the 
cable sheath. 
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DISCUSSION 


Comment Dr. Beck, Lehigh University, 
Bethlehem, Pa.: 


Besides the type instruments described Dr. 
Maitland, the writer has applied special 
the measurement stray currents and cable-to 
earth potentials. 


galvanometer device was used containing very 


light loop aluminum place pointer. 


The ‘sensitivity this instrument 


Albano and Robert Pope, “Protective Coatings 
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high, the resistance the aluminum foil very small. 
The oscillations the loop stray current field 
are recorded photographic film, Oscillograms 
stray currents taken various sections pipe and 
cable lines were shown the writer. 

The measurements were taken with the aid 
auxiliary electrode special construction. Investiga- 
tions with regard electrolytic corrosion pipes 
and cables and examples the application the 
loop galvanometer the measurement corrosion 
currents are scheduled published the near 


future. 


Author’s Comment: 


The instruments described the paper “Corrosion 
Testing Buried Cables” are those which are nor- 
mally available for corrosion testing work main- 
tenance personnel. Where the results tests made 
with such instruments show the presence situa- 
tion requiring special investigation, other instruments 
and special techniques are frequently 
assist the solution specific problem. The use 
such instruments and their application special 
problems are not considered within the scope 
this paper. 

The development suitable instruments for prac- 
tical field application the solution corrosion 
problems one which believed all corrosion 
engineers are interested. the experience Dr. 
Beck with use special galvanometer the prac- 
tical solution corrosion problems involving pipe 
lines and cables can point the way suitable 
method obtaining the answer such problems 
with minimum amount field investigation will 
valuable assistance the corrosion protection 
engineers, 


Comments Daniel Werner, American Tele- 
phone and Telegraph Company, Long Lines De- 
partment, Chicago, 


These comments concern that part the paper 
referring the installation magnesium anodes 
the 120-mile buried cable section between Overton 
and Ogallala, Nebraska, where the two cables are 
thermoplastic covered. 

mentioned the paper, total anodes 
were installed 3-mile intervals. These anode 
installations were made points where existing 
valve pipes for pressure testing were connected 
the cable and brought out above ground marker 
posts approximately intervals. The mag- 
anode installations thus had placed 
Specific points which were governed the spacing 
these valve pipes. The resistance the anodes 
earth each location had tailored meet the 
desired change cable-to-earth potential give 
negative cable-to-earth potential about 0.3 volt. 

Preliminary measurements consisted making 
measurements the cable-to-earth resistance and 
cable-to-earth potential one-mile intervals. From 


CORROSION TESTING BURIED CABLES 
TABLE 
| Anode- 
| | to- 
Marker | Earth Resistivity Earth 
No. of | | Separa- | Meter-Ohms to Depths of | Resis- 
Anode Number | Anode | Depth | tion ————-,——_—_.—— | tance 
Location | Installed No. Feet* | Feet > 10’ 20’ Ohms 
47 3 | 10 32.6 67 |} 575 | 5.4 
| 4 | | 15.4 
| 2 4 12.9 
19.4 
63 1 4t | 22.5 35 53.7 10.2 
81 3 10 64 119.5 162 10.7 
109 2 ; 10 | 2 | 345 | 42.2 | 7.7 
1 | 4t | | 12.7 
y 4t | | 2.6 
2 3.1 
142 4 | | 10 44 47 | 49 8.9 
4 a | | 33.9 
2 5 | | | 8.1 
170 2 10 8.15 13.45 | 21.12 | 3.0 
1 | | 4.5 
8.0 
180 2 | | 10 18.2 22 17.2 5.0 
9.5 
rf 16 | 16.9 
20.9 
203 | 2 | 10 127 67 38 5.6 
1 | 10.1 
| 2 13t } 111 
219 2 | 10 50 45 84 | 9.0 
230 | 2 | | | 10 | 78.2 90.0 | 38 | 7.7 
| | 14.7 
lt | 10 | 22.8 
| 3t 10 


* Depth to bottom of hole 6 inches in diameter. . 
t+ One quart sodium sulphate added to slurry poured in on 1-B Galvopak. 
t Natural ground water came up over 1-B Galvopak. 


these measurements, calculations were made deter- 
mine what cable-to-earth voltage change might 
expected for spacings between anode installations 
0.5, 1.0, 1.5, 2.0, 2.5 and miles and for resistances 
earth each anode installation and ohms. 

Biddle four-range ground resistance megger was 
used measure the cable-to-earth resistance using 
the 3-point method and resistances 0.5 about 
2.2 ohms were obtained. The resistance looking 
either direction along the cable from the point 
measurement for practical purposes was assumed 
twice these measured values determine the 
kilo-foot-ohms leakage resistance and the attenua- 
tion factor for the purpose application formulas 
developed Mr. Standring. (See Reference No. 3.) 

Weston 200,000-ohm-per-volt voltmeter and lead 
chloride half cell was used measure the cable-to- 
earth potentials. 

each location selected for installing magnesium 
anodes, measurements were made the earth resis- 
tivity for depths penetration and feet 
using the Biddle four-range megger. The earth resis- 
tivity was found vary over wide ranges various 
depths and these earth resistivities were used 
guide determine how deep hole should dug 


i 
| 


for the magnesium anodes, the holes were being 
dug, samples the earth were placed decimeter 
cube box having stainless steel end plates and the 
resistance the sample was measured with megger 
between these plates. Where the samples earth 
were not wet, the resistances thus measured could 
used criterion determine when the lowest 
resistance strata was reached. example, one 
location the earth resistivity was found 78.2, 
and feet, respectively. Borings showed high resist- 
ance sand down depth about eight feet where 
strata low resistance clay-bearing sand about 
inches deep was found and the magnesium anodes 
were centered this strata giving the desired results. 
Table shows the depths anodes were placed 
the section covered Figure together with the 
earth resistivities measured depths and 
feet and the anode-to-earth resistances obtained. 
The earth resistivities were determined various 


Corrosion and Protection Mine Hoist Ropes 


Introduction 


Corrosion factor determining the life mine 
hoist rope has been the subject some recent inten- 
sive studies Canada. Representatives** the 
company with which the author associated have 
had the privilege being closely connected with 
these investigations and through their courtesy the 
author has had opportunity review the records 
and procure photographs and photomicrographs 
illustrate this paper. They also have cooperated fully 
the preliminary tests protective oils and greases. 
Much the information reported here was 
included technical papers Canada and, par- 
ticular, paper Dye’ entitled “Hoisting 
Rope Research Ontario Mines The Committee 
Hoisting Ropes—The Ontario Mining Associa- 
tion” presented before the Canadian Institute 
Mining and Metallurgical Engineers, Vancouver, 
April, 1948. 

The appearance the corrosion that the subject 
this discussion shown Figure 


History Investigation 


STUDY the general problem upon which 

this discussion based started immediately after 
the failure hoisting rope man cage small 
gold mine Ontario. This failure resulted the 
death several miners and precipitated extensive 
program research into the causes the break and 
means avoiding similar failures the future. Part 
this program was concerned with studies the 


% A paper presented to the New York Section of the American 
Society of Lubrication Engineers, Nov. 4, 1948, at New York. 
Printed with permission of the society. 

*In charge of Corrosion Engineering Section, Development & 
Research Division, The International Nickel Co., Inc., 67 Wall Street, 
New York 5, N. Y. 

** Especially R. D. Parker, general superintendent, The Inter- 
national Nickel Co. of Canada, Ltd. and his assistant, P. I. Ogilvie. 


depths penetration from the formula (1) using 
the four rod method. 


Earth resistivity meter-ohms 1.92 (1) 


Where resistance measured with the megger 
(current leads connected rods and and 
potential leads connected rods and 
erly phased). 


Separation between four equally spaced rods 
feet placed straight line and driven the 
ground depth not over S/10 feet. 


The earth resistivity obtained the above method 
the average resistivity through horizontal half 
cylinder section earth with radius equal the 
spacing the rods. the earth’s surface, the half 
cylinder wide and the depth penetration 
equal the radius the semicircular section 
below the earth’s surface. The earth resistivity ob- 
tained for different depths penetration thus 
average because the area the semicircular section 
not proportional the different depths penetration, 


> 


nature the corrosion that occurs, its distribution 
through rope, its location along the length 
rope, the extent damage and means preventing 
reducing corrosion improved lubricants and 

methods application. 


Construction Hoisting Ropes 


aid the better understanding the prob- 
lems involved, the construction typical hoisting 
strand Lang’s lay rope made six strands 
working wires with six filler wires. The wires 
round central fiber core which functions support 
the strands and make the rope flexible permitting 
movement the strands. 

These fiber cores are always treated with 
oil added about percent the weight the 


Figure 1—Underside strand from severely corroded rope 
pitting the wires. (Magnification 
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oil for lubrication the wires sometimes 
erroneously believed. 

Ordinarily, the grease the core tends protect 
the wires from corrosion, but occasionally the grease 
becomes acid and causes some corrosion the wires 
contact with the core. Although this should not 
hoisting ropes under ordinary circumstances, would 
appear desirable minimize the corrosive 
characteristics the greases used treat core fibers 
—as the addition anti-oxidants, neutralizers 
acidity corrosion inhibitors, Furthermore, the 
amount grease applied should ample last 
the desired life the wire since there oppor- 
tunity replenish service. 

During the process manufacture the ropes 
the wires are treated with greases for lubrication and 
protection. suggested that the greases used 
this stage should chosen that they will 
compatible possible with the dressing applied 
the rope service. 


Nature Steel 


The steel used for hoisting rope wire special 
quality carbon steel coming within the following 
range analysis: 


Carbon 0.75-0.85% 
Silicon 0.15-0.30% 
Manganese 0.40-0.70% 
max. 
Sulfur 0.05% max. 


gets its strength from combination heat treat- 
ments (patenting) and cold drawing and throughout 
the course its processing handled with more 
care than required for wire for less critical applica- 
tions. The tensile strength the wire generally 
exceeds 220,000 Ib. per sq. in. and may high 
280,000 psi. 

provide corrosion resisting metal alloy that will 
have the high strength required for this service. The 
non-ferrous metals and alloys fall short the re- 
quired tensile properties. Certain stainless steels can 
cold worked the strength level needed, but 
now these heavily cold worked materials are not 
considered reliable enough for the service; 
because uncertainties the stability 
their tensile and torsional properties 
retention the required ductility when subjected 
turther cold work service. 


The use weaker materials prevented, course, 
the fact that the diameter the rope fixed 
the characteristics each installation with respect 
such details the diameters the grooves the 
sheaves and drums over which the ropes must pass. 
Presumably would possible design new 
installation accommodate the larger diameter 
Weaker rope made corrosion resisting alloys, but 
does not seem likely that this will done long 
there reasonable chance being able 
Protect the high strength carbon steel ropes the 
Proper choice and application protective oils and 
this latter basis, therefore, that the 
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the core. 


B—Section 134-inch diameter hoisting rope showing details con- 
struction and arrangement wires the strand, (Magnification 


Figure 


problem preventing corrosion wire ropes 
being attacked. 
should noted, however, that some mines 


the water neutral slightly alkaline, zinc 


coatings may provide excellent protection and are be- 
ing employed some instances. Most other metallic 
coatings are more noble (cathodic) than steel and 
would expected cause accelerated corrosion 
any breaks such coatings. 

far, plastic coatings have not been able 
withstand the severe abrasion associated with the 
relative movement between wires during use 
rope. 


Distribution Corrosion Along Rope 


The distribution corrosion along the length 
hoisting rope matter great uncertainty. 
There has been some belief that deterioration was 
likely most pronounced near the skip cage 
end the rope, but this has not been borne out 
systematic studies ropes from different mines 
Ontario. Amongst these ropes, all but four suffered 
the greatest reduction strength the section 
within the shaft when the cage was the bottom. 
only six cases was the deterioration most pro- 
nounced near the cage skip. follows then that 
the practice periodic inspection and testing 
pieces cut from the cage end rope does not 
necessarily disclose the extent weakening that may 
occurring elsewhere along its length. 

Figure shows the distribution deterioration 
along the length the rope that failed and pre- 
cipitated the present investigation. 

Figures and shows the location severest 
damage ropes typical ones subjected heavy 
wear and severe internal corrosion. 

Figure shows that the weak points sequence 
ropes used the same hoist, but not the same 
time, not necessarily occur the same place, 


diameter lay rope with one strand removed show 
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Figure 3—Graph diameter hoisting rope which failed 
service because severe internal corrosion. The rope had been use 
for 912 days. 
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Figure 4—Graph diameter skip rope. The curves are typical 
rope that has been subjected heavy wear and severe internal 


corrosion, 
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Figure 5—Graph 134-inch diameter cage rope weakened wear and 


severe internal corrosion, 
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Figure 6—Graphs diameter skip ropes which followed 
another the same hoist. The curves are similar but weak point 
not occur the same place the ropes. 


Figure similarly indicates that the weak points 


occur the same place ropes used 


the same hoist. 


The progress deterioration corrosion illus 
trated photographs cross sections single 


n 


rope different points Figures and 
enlarged view section point where 
had reduced strength percent shown 
Figure 11. 

The pattern corrosion typical wire 
Figure 12, and number wires Figure 

The mechanism corrosion the inner wires 
believed involve oxygen concentration 
differential aeration cell effect. The water 
manages seep into the rope through the 
layer grease and rust contains relatively 


Nature Deterioration 


dissolved oxygen compared with the water 


contact with the freely exposed outer surfaces 
the wire. The steel contact with the water 
dissolved oxygen becomes the anode 
concentration cell. The corrosion products are get 
erally magnetic and consist principally 
with some ferrous hydroxide and small amount 
hydrated ferric oxide. 

Failure wires the ordinary processes 
fatigue rarity, presumably because the 
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Figure 134-inch diameter skip ropes used simultaneously 
the same hoist. The weak point occurs the same place both ropes. 


Section 700 feet from drum spout. Shows only slight wear and 
Section 1200 feet from the drum spout, Shows wear and corro- 
sion. Breaking strength reduced percent. 
Section 1600 feet from the drum spout and near the weak point 
the rope. Shows severe internal corrosion, Breaking strength reduced 


Figure 


Stresses such induced bending over sheaves and 
drums are small fraction the fatigue strength the 
Furthermore, corrosion fatigue encountered 
much less than might anticipated from the extent 


Section 220 feet 
from drum spout. Shows 
well developed corrosion. 
Breaking strength re- 
duced percent. 


Section V—Cut 2400 feet 
from drum spout. Shows 
some corrosion. Breaking 
strength reduced only 
percent. 


A—This section cut 760 feet from the drum spout. Shows some wear but 
corrosion. There was decrease strength this point. 

B—This section cut near the point which the rope failed. Shows severe 
wear and internal corrosion. The rope had lost percent the 


critical strength, 
Figure 


corrosion and the expected concentration stresses 
pit notches and the like. Indeed, the most rapid 
failures from fatigue have been found asso- 
ciated with peculiar form wear rather than with 
corrosion, Under some circumstances use, the 
outer surfaces wires rope may become heated 
locally severe abrasion temperature excess 
1400° that surface layer martensite may 
formed the heated metal subsequently chilled 
rapidly. Such layers martensite have been observed 
about 0.002-inch thick. This martensite hard 
and brittle and cracks the rope bends over the 
drum sheave. Such surface cracks act stress 
concentrating notches and propagate into fatigue 
cracks which may lead early failure the outer 
wires, This, then, rather than corrosion simple 


Figure view point where corrosion had 
reduced strength percent. 


Figure 12—Sectional views comparing new and corroded 
A—Section new wire, diameter 0.117-inch. 

B—Section worn and corroded wire—metal lost 32.2 percent. 


Figure 13—Longitudinal and sectional views severely worn and cor- 
roded wires from hoisting rope. 


ASSOCIATION CORROSION ENGINEERS Vol. 


fatigue, corrosion fatigue, the principal cause 
failure outer wires and encountered more 
heavily loaded skip ropes than cage ropes, 


Conditions that Favor Corrosion 


not unexpected that mine water coming into 
contact with the hoisting rope the major factor 
its deterioration corrosion, especially when 
water acid and corrosion accelerating 
chemicals ferric sulfate and other metal sulfates 


such copper and nickel sulfates present the 


mines operated the author’s company. The 
the mine water the Inco Frood and Creighton 
mines may low 3.5. 

Another expected aggravating factor moisture 
the air passing through the shafts which can con. 
dense the rope. This likely most trouble. 
some when the shafts are used vent warm moist 
air from the mine workings. 


Protective Measures 
The primary means protection the wire 
against corrosion the lubricant applied when the 
rope being manufactured, This lubricant 


relatively high viscosity and should contain 
neutralizers and corrosion inhibitors. should also 
include extreme pressure lubricant order 
take care the very high bearing loads between 
strands and individual wires. 
This internal protection must renewed 
supplemented dressings applied the rope during 
its period use. The application these 
represents problem which has not yet been 
satisfactorily. Some the greases that are used 
heated for use and applied the rope passes 
through conical grease box rate many feet 
per minute. seems likely that the hot grease 


soon hits the cold wire—especially during 


the winter months Canada when the heavy 
rope has travel several hundred feet through 
outside air sub-zero temperatures between tht 
hoisting drum and the collar the shaft where 
grease applied. would surprising much, 
any, the grease applied this way ever 
the interior the rope where corrosion 
likely occur and where the protective grease 
needed most. 

The trend seems make the exterior 
ings the same general character the 
lubricant, but less viscous. would also seem be} 
desirable supplement the fairly viscous 
applied intervals with constant spray, 
light oil applied the sheave. 

Devices for removing old grease and water 
the rope passing through split 
preparation the rope receive renewal its 
exterior grease dressing. 


Corrosion Test Program 


sort sighting shot the possible 
tive values series oils and greases offered fot 
use dressing wire ropes, specimens steel 
form cold drawn bars sections cut from tht 
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outer wires new rope were coated with the dif- 
ferent compounds and were mounted racks at- 
tached cages two the Inco mines Copper 
Cliff, Ontario. Uncoated specimens were included for 
comparison. 

This test ran for about year with specimens 
carrying each the coatings being removed for 
reweighing and visual examination the end 
each three time 

Results this test are shown Table 1.* 

This was admittedly rough test which was 
thought might least throw some light the 
protective characteristics the compounds even 
though the circumstances their use did not ap- 
proximate the conditions within operating rope 
where they would have function. Nevertheless, 
may significant note that the two compounds 
which showed well this test have also per- 
formed unusually satisfactorily service applied 
ropes being used put them full scale 
practical test. 

planned repeat the tests with the more 
promising compounds and improve the test pro- 
cedure by: 

for periodic renewal the 


coatings the test 

mechanical tests before and after 
exposure supplementary measures 
corrosion damage. 

seems desirable repeat that the greatest im- 
provement the life mine hoist cables will have 
come from the use improved lubricants, dress- 
ings and better methods application. should 
evident that there considerable room for improve- 
ment and, while the problem difficult one, 


*The author apologizes for the inadequate description of the 
compounds listed. The data in the table are all that the manu- 
facturers of the compounds saw fit to provide. 
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should more than others that have been 
solved satisfactorily lubrication engineers, 
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TABLE 
RESULTS TESTS DRESSINGS STEEL SPECIMENS EXPOSED 
FROOD AND CREIGHTON MINES FOR MONTHS. 


| | Weight Loss in 
Coating | | mg. per sq. dm. 
No. per Day 
Creighton — 
Test Type Creighton; Frood Remarks 
23 An experimental internal | 3.8 | 4.3 | No Pitting 
lubricant highly viscous | 
Most fluid external dress- 5.4 Moderate 
ing dries to a hard, lac- Pitting 
quer like finish ques- 
tionable lubricating pro- 
perties 
11 A highly viscous mineral 58 veka No Pitting 
base, applied during 
manufacture of rope 
7 An experimental fairly vis- 14.1 4.5 Moderate 
cous external dressing Pitting 
relatively viscous lime 15.8 8.8 Severe 
soap base external dress- Pitting 
ing. Melting point 250° 
F. | 
25 A stiff grease of high visco- | 16.5 Erratic per- 
sity for internal lubrica- formance 
tion. 
21 Low viscosity external rope 16.8 11.7 Severe 
dressing Pitting 
13 Silicone grease for high 16.8 i 89 Moderate to 
temperature lubrication severe 
Pitting 
Fairly viscous external rope 19.1 3.6 Moderate 
dressing-lime soap base Pitting 
containing lead oleate 
and pine oil melting 
point 190° F, 
29 Unprotected bare steel. .... 23.6 18.2 No Pitting 
3 Conforms to U. S. Army 24.9 19.3 Deep Pitting 
Ordnance spec. AXS-934 
ee II Engine Oil SAE 
7 Medium viscosity dressing. . 26.1 Py Severe Pitting 
9 Silicone 0.1] w.ih corrosion 28.3 | 22.2 Severe Corro- 
inhibitor sion 
5 High viscosity oil—not a Ka | | 17.6 Severe 
lime grease for external | Pitting 
dressing 
Conforms Army 41.9 20.3 Severe 
Ordnance Spec. AXS-674 | Pitting 
Relatively high viscosity | | 
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Figure 3—Vibration. Tube ends fractured near tubesheet. 


Experience With Condenser Tubes 


Introduction 


steam condensers aboard 
naval vessels will welcomed 
many important contribution 
knowledge regarding the selec- 
tion the best materials for con- 
densers marine service. 

condensers are important 
pieces equipment also oil re- 
fineries, the writer presents here 
some the information which has 
been collected the Curacao Re- 
finery the C.P.I.M. (Royal 
Dutch-Shell Group). The perform- 
ance the tubes product- and 
steam-condensers has always been 
under close supervision 
total number copper-alloy tubes 
now use well over 300,000. 

Experience here with aluminum 
brass tubes more favorable than 
that recorded the article men- 
tioned, was felt that publica- 
tion the Curacao refinery results 
might lead better appreciation 


the possibilities this useful alloy, Product con- 
densers and steam condensers will dealt with 
separately, the conditions for each are radically 
different. Both types condensers are served with 
the same cooling water, which seawater from 
Schottegat Bay. This water has 7.0 (instead 
8.3 for fresh seawater) and fairly high percentage 
very fine suspended The temperature varies 
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sterdam. 


between and 32° and 
some free air present. 


Product Condensers 


With the exception the 
sure distillate condensers the} 
cracking units, nearly all condens 


ers are the shell and tube type 


The temperature the incoming 
vapors may range from 
All tubes are inhibited 
num brass which has proved 
the most economical 


local conditions and superior 


admiralty, cupro-nickel alumt 
num bronze. 

The standard wall thickness 
for severe conditions. 
very seldom that leak occurs 
new bundle within 
while the service life bundle 
six eight years, before 
tubing necessary leaks 
ing meanwhile being dealt with 
plugging off the tubes total 
about percent. nearly all 


cases where premature failure has occurred has 
been possible trace the cause with, however, one 
important exception, and that the quality 
aluminum brass itself. The aluminum brasses 
various manufacturers (British, American, and before 
the war also German and Czecho-Slovakian) can 
divided regards corrosion resistance into 
distinct classes, one with very low corrosion 


tration rates and the other with corrosion rates 


times greater. There ample statistical 
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dence for this statement, but yet has not been 
possible correlate this difference corrosion re- 
sistance with differences composition, hardness, 
grain size surface layer. 

the product side the corrosion product thin, 
black, dense scale which consists mainly copper 
sulphide. some cases this scale has been formed 
sulphur compounds (mostly H,S) aqueous solu- 
tion (as gasoline condensers) other cases (as 
cracked gas oil condensers) water has been 
present separate phase. This led the belief 
that resistance against sulphur compounds, especially 
was major requirement for our condenser 
tubes and very great number tests have been 
made which various copper-alloys have been tested 
inside high pressure fractionating column 
Dubbs cracking unit. Here the test specimens are 
exposed the action liquids and gases with 
S-content 0.2 percent, temperatures ranging 
from 250 These tests have been progress 
for about five years and very good correlation 
between corrosion rates thus found and plant experi- 
ence has been established, For example compared 
with gasoline condenser service, the corrosion rates 
are consistently times higher, which 
course very useful for accelerated testing. 


interesting outcome these tests the fact 
that tubes with and were decidedly 
superior those the same manufacturer, with 
the well known superior resistance high zinc 
brasses against high temperature sulphur corrosion 
but somewhat contrary current specifications, 
where mostly copper 76.0 percent min. specified 
(ASTM B-111). 

seems also advantageous that the last 
operating manipulation annealing slightly 
oxidizing atmosphere, forming very thin oxide 
skin and giving the tube hardness 90-100 Brinell. 
This seems better than final pickle with 
straightening pass the rolls but information 
this important point meagre most cases the 
exact method finishing not known. 


With “good quality” aluminum brass, failures 
seldom occur but with “low quality” they are fre- 
quent. Below are given few case histories for the 
former that may more general interest because 
with “good quality” material always has proved 
possible find simple remedies against various types 
unexpected 


Corrosion Acidic Condensate 


This the most general form corrosion prod- 
uct condensers and the majority cases the 
reason ultimate failure. The acids concerned are 
HCl, various organic acids, CO, and sulphur 
compounds such mercaptans which can form 
metal salts. 

Fortunately, serious corrosion will only occur 
water also present the liquid phase and then 
Proper neutralization will restrict within acceptable 
limits. Curacao this accomplished the in- 
jection caustic soda solution upstream the 
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condensers; the the condensed water being 
thus kept between the limits and Ammonia 
injection has proved equally effective elsewhere. 
Aluminum brass not sensitive occasional 
overdosage diluted caustic soda; indeed cooler- 
bundle for hot regenerated strong doctor solution 
(alkaline sodium plumbite) lasts about three years. 
This soda injection only practiced the topping 
units; has been found not necessary for the 
condensers the cracking plants, although the 
sulphur and organic acid content the cracked 
vapors far higher. (This anomaly probably due 
the presence natural inhibitors the fresh 
pressure distillate. After the pressure distillate has 
been contact with air for some time becomes 
corrosive and must neutralized.) 


Impingement Attack 


This has been notably only its complete ab- 
sence. Even when air was admitted the suction 
side the large centrifugal salt water pumps 
order minimize cavitation damage these pumps, 
adverse effects the tube ends were noted, al- 
though these were closely watched during this 
Finally the admission air had stopped 
because serious impingement attack the Naval 
brass tube sheets some condensers which were 
situated near the pumps. The tubes, however, did not 
show any sign attack. Tube-end protectors are 
not used anywhere. 


Dezincification 


Failures due plug-type dezincification, starting 
from the cooling water side, have not occurred dur- 
ing the last eight years this refinery, but that this 
kind failure not thing the past, shown 
Figure which illustrates tube which was re- 
ceived year ago from gasoline condenser 
Venezuelan refinery after few months’ use. 

Chemical analysis revealed the absence inhibit- 
ing elements such As, this connection 


Figure Porous red copper plugs and holes flattened 
piece tube. (X3) 
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Figure 2—Stress corrosion cracking caused HCI. 


noteworthy that ASTM Spec. B.111-46 specifies 
maximum 0.1 percent arsenic, antimony phos- 
phorus for aluminum brass type and respec- 
tively, but does not specify any minima which are 
required for complete protection against dezincifica- 
tion. 


Stress Corrosion Cracking 


butane isomerization units Curacao refinery 
gaseous mixture normal and iso-butane with 
anhydrous led through condensers before 
entering the stripper. After satisfactory behavior 
for about two years the Admiralty tubes these 
condensers had renewed and were replaced 
aluminum brass ones. the same time second 
unit, also provided with aluminum brass tubes, was 
brought into service. cases large number 
tubes showed transverse cracks within about three 
months (see Figure 2). The bundles were retubed, 
but showed the same kind failure again within 
few months. Soft, completely recrystallized material 
American origin (Brinell hardness 65-70) showed 
the same sort cracks hard English material with 
intercrystalline nature, and were spread irregu- 
larly over the whole tube length, sometimes starting 
from scall notches the tube surface, such 
indentations caused accidentally hoisting cables. 
This could point corrosion fatigue and fact 


WATER OUT 


Figure 4—Vertical condenser showing efficient baffling incoming 
vapors. 
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was found that sometimes noise like water boiling 
could heard the water channels these 
densers. 

When the second unit was put into service the 


water supply system was not enlarged and therefore 
use was made the siphoning effect the descend- 


ing outlet tubes secure adequate flow cooling 
water through the condensers. The resultant partial 
vacuum caused boiling the water, which may have 
resulted vibration the condenser tubes. 


was found subsequently that combination 


the following measures gave good results. The tubes 
were annealed full length for one hour 500° 
then they were expanded into the tube sheets with- 
out removing the fairly thick black oxide scale and 
also vent pipe was installed the outlet the 
water boxes break the vacuum. With these meas- 
ures tubes that batch which formerly cracked 
within three months have now given well over 
months service without single crack occurring. 
There are indications that the annealing was essential 
for this improvement and that the vacuum breaker 
played only minor, any role. 


Fatigue and Corrosion Fatigue 


When aluminum brass tubes are allowed vibrate, 


the results often will brittle fractures just behind 
the tube sheet, pictured Figure This failure 
occurs more often cooling elements with header 
boxes than shell and tube condensers, because 
the first mentioned form the unsupported tube length 
usually considerably greater. Fractures will occur 
sooner when: 

the tube material has high hardness, 

the hardness the expanded portion 
the tube has been increased too much 
the rolling operation, 

when the tube rolled too far behind 
the tube sheet, 

This phenomenon has been found systems with 
oil vapors outside, cooling water inside (reflux con- 
denser inside vacuum tower) and submerged con- 
densing elements with the oil vapors inside. When 
impossible stop the vibration often possible 
reduce the amplitude sufficiently, the insertion 
more and/or closer fitting baffles, effect com- 
plete cure provided proper care has been taken the 
points mentioned above under and 

one case the trouble was: completely stopped 
the insertion three baffles instead one, and 
another case wooden staves were driven between 
the rows tubes tight fit, also with complete 
success. 

The cause the vibration shell 
bundles mostly impingement vapors with 
high velocity direction normal the tubes and 
installation series perforated distribution and 


deflection plates will frequently found 


cessful preventive measure. Vertical condensers 


with vapor inlet shown Figure are con- 


siderably better than the usual horizontal 
where the vapors impinge directly the tubes. 
Sometimes vibration set water boiling 
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under reduced pressure somewhere the tubes and 
the steam bubbles imploding against the tube wall 
further on. this case increasing the water pressure 
and/or the installation vacuum breaker the 
cooling water outlet will stop vibration. 


High Temperature Attack, Hot Spots 


Ordinarily speaking, aluminum brass tubes are re- 
sistant against very hot vapors, provided there 
uninterrupted flow cooling water through the 
tubes. When the flow through the tubes restricted 
and the water starts boil, rapid local perforation 
the tube wall may result. the steam bubbles are 
formed continuously the same spot, often 
happens that the attack concentrated this point. 
The combination higher salt concentration the 
tube surface, and higher wall temperature (because 
the cooling the place formation the steam 
bubble inadequate) seems particularly dan- 
gerous. Hot vapors impinging high velocities 
against tube wall can cause perforations amaz- 
ingly short time, Figure shows picture tube 
from cracked-gas-oil wall thickness 
B.W.G. The temperature the entering vapors was 
330° The cooling water supply failed suddenly 
due defect the electrical circuit) and the unit 
was shut down. About minutes elapsed before gas 
formation ceased and that time the hole had been 
formed. There appreciable thinning the tube 
wall near the hole; some hard salt scale present 
inside the tube. 


tube another condenser, which failed the 
same occasion shown Figure This form 
corrosion, however, occurs very seldom and can 
easily circumvented, working conditions make 
this necessary, lowering the temperature the 
entering vapors quenching upstream with part 
the condensate. 


Steam Condensers 


Land Installations 


Because obtaining sufficient boiler feed water 
problem itself dry island such Curacao, 
steam condensation practiced wherever possible. 
The large steam-using units are the turbines the 
powerhouses (up 12.500 kW) but also the exhaust 
steam from both turbine-driven centrifugal pumps 
and reciprocating pumps condensed whenever 
possible, the total amount condensate beign about 
400 tons/hour, 

The main difference between the product- and 
steam-condensers that the product condensers 
the tubes are expanded both ends with floating 
head arrangement and the steam condensers fer- 
are used least one and sometimes both 
tube sheets. 

Admiralty tubes have not given satisfactory serv- 
ice, the failure always being pitting, starting from 
the cooling water side. Cupro-nickel (70-30) was 
decidedly superior, but not better than aluminum 
brass which about percent less expensive. 

Both kinds material were, however, subject 
sudden epidemics leaky tubes which occurred 


Figure Spot. Perforation thick tube wall when exposed for 
minutes hot, high-velocity vapor. 


Figure 6—Hot Spots. Holes similar those Figure formed the 
same occasion another tube bundle. 


Figure 7—Deposit attack. Lower half tube cleaned, showing many 
small pits and hole. upper half silt scale still partly present. 


irregular intervals. After few years was noticed 
that these occurrences coincided with dredging opera- 
tions near the inlet channel the salt water pump- 
house and became clear that the trouble was due 
deposit attack, see Figure Now, dredging 
stopped soon the water reaches certain turbid- 
ity and leaks due this cause are practically elimi- 
nated. may noted that vertical condensers 
this form corrosion practically unknown, Gen- 
erally speaking, the tubes steam condensers give 
very little cause for complaint. 


Marine Installations 


Crude oil shipped from Venezuela this refin- 
ery fleet shallow draft tankers, ranging from 
2400-6000 tons. These double screw ships are equipped 
with compound steam engines and for condenser 
tubes invariably aluminum brass used. This gives 
very satisfactory service, even though the cooling 
water alternately sea water from the Caribbean 
and comparatively fresh water from the Lake 
Maracaibo. Condenser tubes have useful life 
about years, The only mishap occurred when ad- 
miralty ferrules were used with aluminum brass 
the admiralty brass corroded short time. 


Other Condenser Parts 


Tube sheets and baffle plates are generally made 
naval brass, which most cases satisfactory. 
When cast iron water boxes were replaced bronze 
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Figure 8—Galvanic Rapid corrosion naval brass tube sheet 
under influence bronze (88-10-2) water box, 


ones serious dezincification number tube 
sheets resulted. (See Figure 8.) The use sacrificial 
steel slabs inside the water boxes helped overcome 
this difficulty, but preferably cast brass (selected 
galvanically neutral the rolled naval 
brass sheets) should used. the moment man- 
ganese brass being tested, combination with 


the membership. 
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DISCUSSIONS ARE INVITED 


Readers who wish submit written information additive articles published 
who wish register differences opinion with respect any articles are urged send 
such discussions Dr. Alquist, Chairman, NACE Editorial Review Committee, 
Organic Research Laboratories, 20A Building, Dow Chemical Co., Midland, Mich. Doctor 
Alquist will submit such discussions member the review committee, and after review 
and approval the discussion will published. 


The expression opinions about the addition information that contained 
technical articles will advance the interests NACE and make Corrosion more valuable 


steel plates, stop any tendency 

Bronze header boxes submerged-type condensers 
failed because insufficient resistance hot cracked 
vapors with appreciable sulfur content. 

very large condensers cast iron water boxes 
may prove more economical than copper alloy 
ones. They must well protected with zinc slabs 
which should freed from the white impervious 
coating corrosion product every 3-6 months, while 
good metal contact essential. Frequent painting 
the inside cast iron surface with insulating 
paint (asphalt coal-tar base) also 
favorable results even the paint eroded little 
high velocity flow the cooling water. 


Vol. 


Conclusions 


Aluminum brass good quality versatile 
and economical condenser tube material for 
the conditions prevailing 

Compliance with the usual specifications not 
itself guarantee adequate performance, 
corrosion resistance depends other fac- 
tors also which yet are not known with 
certainty. Full length annealing hardness 
+100 Brinell and the formation oxide 
skin are probably beneficial this respect. 
this topic, however, more research certainly 
needed. 

reasonably cheap and satisfactory alloy for 
water boxes used connection with 
naval brass tube sheets still sought for. 
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Preparation Pipe Surface 
For Bitumen Coating During Reconditioning* 


MUDD* 


Abstract 


The exterior cleaning pipe after removal from soil 
the preparation for bitumen coating application 
major item expense during reconditioning. 
Removal all adhering material from the metal 
surface can accomplished most practically 
sandblasting equivalent treatment. However such 
procedure expensive and slow, especially when the 
line remains intact service. Most corrosion 
products and soil particles are inert the absence 
moisture and the retention small amounts such 
materials the pipe surface, particularly when ad- 
herence good, will not impair coating effectiveness 
moisture removed. Moisture can removed 
chemical treatment reasonable cost, thus reduc- 
ing cleaning costs without impairing coating results. 
diluted pipe primer has been found 
effective reducing moisture content the residual 
foreign products the pipe surface. 


GOOD COATING for protection against under- 

ground corrosion will obtained pipe only 
properly cleaned before the coating applied. 
such cleaning economically presents 
lem the pipe line operator and his engineer. This 
particularly true when hot bitumen applied 
coat recoat steel pipe salvaged for relaying 
new lines, operating lines raised from the 
ground for 


Some engineers believe that removal corrosion 
products down the base metal—usually very 
expensive process—is the only practice that will 
insure good coating. The writer challenges this 
belief and describes less expensive alternative clean- 
ing and coating application practices evolved after 
experiences with sand blasting and other practical 
methods that have given equally good re- 


Pipe taken out the ground often covered 
tightly-adhering silicious materials that 
moval ordinary cleaning; also, most hot-applied 
bitumen pipe enamels contain silicious materials 
Why not leave place those non-metallic 
substances that resist removal ordinary cleaning, 
but chemically drive out the moisture and saturate 
the surface with appropriate inhibitors priming 
solutions 

Chemical treatment machine-cleaned metal sur- 
faces has lead changes methods for cleaning 
the exterior used pipe give better economy and 
obtain improved coating results. 


paper delivered Fifth Annual Conference, National 
Association of Corrosion Engineers, Cincinnati, Ohio, April 11-14. 
1949, 


* Senior Corrosion Engineer, Shell Pipe Line Corp., Houston, Texas. 


Brief consideration will given first conven- 
tional methods cleaning pipe after removal from 
the ground, the equipment used and the problems 
encountered. 


Cleaning Methods and Equipment 


The three common cleaning methods are: 
Mechanical cleaning 
Sand “grit” blasting 
Flame cleaning 

Mechanical rotary cleaning machines built 
travel along pipe lines are perhaps best known the 
industry. Usually all pipe removed from the soil 
given least one “pass” through such machines be- 
fore additional cleaning the same other meth- 
ods. Such machines usually can adapted also 
stationary operation, Their rotary cleaning-heads 
customarily are equipped with knives, cutter-wheels 
brushes combinations these abrasive tools. 

Some the newer and larger machines have double 
cleaning heads. These should rotate opposite direc- 
tions obtain better cleaning corrosion pits, 
welds, and patches other longitudinal irregulari- 
ties. Also, opposite rotation machines ride the line 
better. Severely corroded pipe requires repeated 
“passes” such machines prepare surface suit- 
able for normal primer application. 

Mechanical cleaning-machines the “impact” type 
have been developed hammer “peck” the surface 
and dislodge foreign material, thus approaching the 
results sand-blasting. They give excellent results, 
but the wear added mechanical parts makes their 
operation expensive. One “pass” such machines 
will usually prepare pipe surface for primer appli- 
cation; however, rotary-head machine run 
first, will minimize wear parts the more 
complicated impact machines, 

Sand-blasting and “grit” blasting are equivalent 
the extent that both dislodge foreign materials 
impact cutting action extraneous particles. 

Sand-blasting normally done accelerating 
sand particles air stream and directing them 
through nozzle against the surface cleaned. 
The angle particle impingement affects the rate 
cleaning and surface finish. The type sand—par- 
ticle. form and size—influences results. Best results 
are obtained with “sharp” sand, viz; particles with 
sharp edges. Most sand which has been washed 
wind blown for some time has lost these sharp 
edges and does not have good cutting qualities. 


single sand-blasting unit with nozzle 
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requires 340 cubic feet air per minute 
psi, one more sand-chambers with control-valves 
and hose proper design for this operation. Sand 
must dried thoroughly for sand-blasting, thus 
preferable have the drier apparatus where the 
sand being used. Slight moisture sand clogs 
control-valves, piping and hose—thus causing irregu- 
larity sand flow. Sand delivery from 
nozzle around 3,000 pounds per hour, thus supply 
becomes major item and may even prohibitive 
because transportation costs some locations. 

“Grit” blasting uses hard steel particles about the 
size bird-shot. average machine for yard opera- 
tion will contain few tons steel grit which re- 
cycles. The grit raised overhead hopper, 
whence gravitates into rotating impeller designed 
stream equivalent that from large sand-blast 
nozzle. After impingement the pipe surface, this 
grit drops recovery bin where foreign material 
removed air blast after which the grit re- 
turned the hopper. Grit loss only small item 
with such equipment. Power demand for the average 
power-plant required power service not avail- 
able. Although “grit” blasting has been limited 
stationary operations, some progress has been made 
the design traveling type for field use. 

Flame-cleaning has been used occasionally. 
effective for moisture removal, but has dis- 
advantages high operating cost, hazards around 
inflammable materials, and localized stressing 
metal. Such local stressing may permanently warp 
thinner pipe damage welds under stress. 

High-frequency electric induction-heating devices, 
with the frequency controlled give proper depth 
metal heating, may have possibilities. 

Cleaning methods any job will determined 
the degree cleaning necessary and their cost 
and practicability. 


Some Initial Pipe-Cleaning Problems 
Lines Service 


Pipe raised from trench covered more less 
with earth large quantities removed from clay 
soils, with little none from clean sand. 

single pass traveling-type cleaning-machine 
equipped with knives only, with knives and cutter 
wheels, will usually clean uncoated pipe enough 
allow inspection for repairs. 

the line has been coated, other cleaning proce- 
dures are required, Coal-tar enamel coatings, with 
without wrapper, usually can removed single 
pass traveling-type machine equipped with 
knives only, especially cold weather. 

Well-bonded asphalt enamel coatings are more 
difficult remove than coal tar, although machine 
equipped with knives only has given better results. 
summer the cleaning easiest done during the 
cooler hours early morning night. Wetting 
the coating ahead the machine helps cool it, 
but such practice may accelerate knife wear. 

Asphalt-emulsion coatings are more difficult 
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remove than asphalt enamels, and their 
removal may require more than one pass 
ing-machine equipped with The use 
during mechanical cleaning has given favorable re. 
sults times. 

Removal petrolatum grease-base coatings 
requires more than mechanical cleaning. The 
chine with knives only. second pass with the same 
machine may needed. Cleaning afterwards done 
successive washings the pipe with rags soaked 
kerosene distillate. The pipe cleaned 
ciently when dust does not adhere, where spot 
applied primer does not show “dead” surface 
when dry. 


Yard Cleaning 


Pipe racked for yard reconditioning more 
susceptible atmospheric temperature changes than 
pipe which gas oil flowing. Cooler weather 
facilitates removal some pipe coatings that may 
difficult remove during hot weather. 

The initial cleaning bare coated pipe for 
inspection and repair most usually done witha 
stationary mechanical machine equipped with 
Standard coal-tar enamels respond such cleaning 
without serious difficulties. Plasticized coal tar, 
asphalt enamels and some types asphalt emulsions 
chines only during cool weather, The upper 
ture limit for satisfactory removal evidenced 
clogging the cutter knives. stream water 
directed the pipe before entering the machine 
will often help cleaning during warmer weather. 

Additional cleaning with conventional type 
chine required after repairs grit-blasting may 
justified for final cleaning some cases before 
priming. 

Some coating, particularly asphalt emulsions and 
grease-base paints, are removed most successfully 
burning. This operation better done 
ing heat from inside the pipe. The pipe should 
well supported when the burning operation 

The types burners suitable for this operation 
the pipe and the type exterior coating. 
Natural liquefied gas gives better results for such 
burners, and plenty compressed air needed for 
combustion control. Air supply the burner deter- 
the length combustion zone the pipe, and 
also controls the “ram jet” effect. The combustion 
zone should long possible prevent local- 
ized heating and give lowest fuel consumption. 

When coating burned from pipe, the surface 
should heated enough carbonize any remaining 
film, providing such temperature does not 
the pipe. Rotary machines, equipped with combina- 
tion knives and brushes, will remove carbonized 
paint leaving the surface ready for primer application, 


Supplementary Chemical Treatment for 
Additional Cleaning 


Any possible elimination any mechanical 
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ing without impairing final results will reduce clean- 
ing expense. Some reduction cleaning can com- 
pensated for chemical treatment mentioned 
earlier. 

Development chemical treating during several 
years pipe reconditioning has shown the advantage 
its substitution for additional mechanical cleaning. 

First experiments were prompted when sand-blast- 
ing pipe failed provide satisfactory bond for 
asphalt enamel. Dilute primer* was applied freshly 
sand-blasted pipe prevent moisture collection and 
oxidation. Regular consistency primer was applied 
after the dilute primer had dried. The hot asphalt 
enamel coating then bonded better. similar primer 
application was then tried over extensive lengths 
machine-cleaned pipe. The bond the hot asphalt 
improved, besides which fewer holidays occurred 
because the dilute primer had removed the moisture 
from tightly-adhering corrosion products, including 
such remained small deep pits. 

Use the same procedure for bonding hot coal- 
tar enamel machine-cleaned pipe gave equally 
satisfactory results. 

one reconditioning job the East Texas 
humus-covered “big thicket,” the moisture and chem- 
icals left small deep pits after machine-cleaning 
actually brought the coating application halt. 
Pipe subjected three passes cleaning ma- 
chine was washed with water and allowed dry 
the sun, Then was covered with dilute primer. 
After the latter dried few minutes, its surface ap- 
peared covered with frost. Microscopic exam- 
ination showed that chemically-laden water had been 
forced the surface, where evaporated and left 
the included chemicals These crystals 
fell from the pipe further drying. 

Dilute primer probably does not remove all 
moisture from the remaining corrosion products, but 
reduces the amount such degree causes 
practically trouble with hot bitumen applications. 
Also, chemicals are available which will insure re- 
moval all moisture. These are discussed later. 


Combining Mechanical Cleaning and 
Chemical Treatment 


Best results usually are obtained with three passes 
rotary-head machines. The first pass serves 
clean the pipe for inspection and necessary repairs. 
Choice cleaning elements for this machine will 
depend what has removed from the pipe. 
Corrosion pipe usually occurs short section 
over which the machine should travel slower 
speeds than lesser corroded sections. 

The machine for the second pass normally 
equipped half with knives and half with brushes, and 
with priming attachment added. This machine re- 
moves additional corrosion products and welding 
residue, and applies the dilute primer. 

obtain saturation remaining corrosion prod- 
ucts any pits depressions, complete coverage 


Dilute primer referred this article prepared the 
addition of primer thinner to the primer supplied or recommended by 
the bitumen enamel manufacturer. 


PREPARATION PIPE SURFACE DURING RECONDITIONING 


the pipe surface the dilute primer essential 
for good results. satisfactory solution can 
made adding four parts primer thinner one 
part primer, although conditions may call for changes 
this ratio, 

The solution after drying will have dull ap- 
pearance, and may even appear “chocolate brown.” 
Where considerable corrosion products remain 
pits, the primer will appear duller than over adjacent 
surfaces. Where all tightly-adhering products are 
saturated, the dried dilute primer presents surface 
which the normal-consistency primer readily fuses 
adheres, thus giving excellent final bond between 
and the hot bitumen enamel. 

The drying time for the dilute primer should 
not less than three hours during sunshine nor less 
than half day when the sky overcast. 

The machine for the third pass should equipped 
with knives only, preferably single-head type, and 
carry priming attachment for application normal 
consistency primer. This machine removes some ad- 
ditional corrosion products which have been loosened 
the dehydrating action the dilute primer. 


Improvements Chemical Dehydration 


mentioned before, the dilute primer does not 
remove all moisture, but chemicals can added 
that will remove and exclude all moisture from 
the metal surfaces. These are mostly amines, such 
used rust-inhibiting oils and greases. The addi- 
tion corrosion inhibitors may desirable also. 
Tests under actual service conditions will answer 
the question their value. 


Conclusions 


Cleaning pipe surfaces during reconditioning 
costly; therefore the available methods 
cleaning should analyzed effectiveness 
and cost before starting job. Use dilute 
primer reduces the amount mechanical clean- 
ing necessary, and materially improves the 
coating bond, Water-repellent 
inhibiting chemicals added the dilute solution 
will improve its dehydration properties, but such 
can justified only the advantage worth 
the cost. 


DISCUSSION 


Comment Holloway, Houston Pipe Line Co., 

Edna, Texas: 

Since Mr. Mudd has mentioned his paper the 
internal heating pipe the preparation pipe 
surfaces during reconditioning, the experience 
another company might interest. 

the cleaning process the internal heating 
badly corroded pipe accomplishes two objectives. 
frees the pipe all coatings, such coal tar 
enamels, asphalt coatings and greases, and calcines 
the hard rust powdery state which condition 
can more easily removed from the pipe and 
out the deep pits, sandblasting the rate clean- 
ing increased several hundred percent and all 


¥ 
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the products corrosion can cleaned out the 
pits leaving clean bright surface for spot welding 
pit holes. With mechanical cleaner much better 
job cleaning can done than with heating, 
with only small percentage the corrosion prod- 
ucts remaining the pits. 

was found that pipe smaller than 8-inch diam- 
eter could not successfully heated applying 
the flame inside. However, larger pipe the process 
was very successful. The burner consisted short 
piece 34-inch pipe, centered spacer ring, with 
four gas jets made from pipe and placed 
give long whirling flame. 20-foot joint 


16-inch pipe could heated sufficiently, just below 
incipient red heat, from minutes and re. 
quired approximately 600 1,000 cubic feet natural 
gas, depending ambient temperature. 


Author’s Reply: 

Comments Mr. Holloway regarding pipe clean- 
ing internal heating are most interesting and 
particularly value that fuel consumption, time 
heating, pipe size and results are given. 


Contributions this kind are needed assist 
others confronted with similar problems. 


Corrosion Wet Steel 


Introduction 


NFORMATION was desired concerning the initial 

rate corrosion and the nature the corrosion 
products formed the action H,S-air mixtures 
wet steel. This information should applicable 
fundamental study the corrosion occurring 
the vapor space tanks used for storing sour crude 
oil, should also useful the study corrosion 
the vicinity wells producing gas containing very 
high concentrations H,S. 

review the literature indicates that relatively 
little work has been done corrosion steel 
mixtures. Milbourne and Huff! and Pearson 
and Robinson? studied the influence humidity 
the reaction H,S with iron oxide. related study 
was made Hopton and who were inter- 
ested removal from fuel gases means 
reaction with iron oxide. 

Geld and Essin* who studied the mechanism the 
sulfide corrosion iron, found that the composition 
components the lattice structure the Fe-S 
system varies over larger range than the Fe-O 
system. 

Ballabio and studied the action H,S 
steels but with special emphasis alloy compo- 
sition required minimize corrosion, 

Devine, Wilhelm, and investigated the 
corrosion steel H,S-air atmospheres. Their ex- 
periments were carried out using dry steel gaseous 
mixtures saturated with water vapor. They found 
that oxygen necessary cause severe corrosion, 
and that gases low are relatively more cor- 
rosive than those rich H,S. However, their work 
did not cover the corrosion wet steel. 

was the purpose this investigation extend 


*% A paper delivered at the Fifth Annual Conference, National 
Association of Corrosion Engineers, Cincinnati, Ohio, April 11-14, 
1949. 


the study the corrosion wet steel, and include 
analysis the corrosion 


Apparatus 


all the experiments carried out for this report, 
mild steel strips were used, The 
reaction vessel was 500 3-neck flask, containing 
250 distilled water, The center neck was fitted 
with stopper containing glass sleeve which acted 
bearing for glass rod extending downward into 


the flask. hook the lower end the glass rod 
supported the steel strip. addition the sleeve, 


the center stopper also was fitted with short length 
glass tubing which served exit vent 
for the corrosive gas. One the side necks the 


3-neck flask carried separatory funnel; the other 


side neck carried glass tube extending down into 
the water inside the flask, for the purpose admit- 
ting the corrosive gas. 

convenient method for keeping the surface the 
test strip wet consisted alternate immersion 
apparatus. mechanical coupling was made from 
the central shaft reciprocating lever which 
turn was operated electromagnet. The electro 
magnet was energized for one second each 
utes, means timing relay. Each time the elec 
tromagnet was energized, the shaft was lowered two 


inches, thus permitting the steel strip 


merged momentarily. The 3-neck flask was immersed 
water bath and held constant 
ture, 

The corrosive gas mixtures used experiments 
were prepared charging evacuated 5-gallon 
bottle with air and H,S under the appropriate 
sures. The pressure gas was indicated 
end mercury manometer. The gas the 5-gallon 
bottle was bubbled through the water the 
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flask rate controlled pinch valve Tygon 
tubing, The rate capillary flow- 
meter. Nitrogen, also used some experiments, was 
obtained from commercial cylinder and was further 
purified bubbling through alkaline pyrogallol. 
The entire apparatus illustrated Figure 


Corrosion Rate Wet Steel 
H,S-Air Mixtures 


steel test strip was polished electric buffer, 
then further polished with steel wool and fine emery 
cloth. Then was washed distilled water followed 
acetone, dried, and weighed. 

the beginning run, the 5-gallon bottle was 
filled with gas the desired composition adding 
air and according the pressure required 
the mixture. Distilled water was added the reac- 
tion flask after thorough cleaning, and the steel test 
strip was attached the sliding central shaft which 
normally supported just above the water surface. 
Suitable adjustments the lever and electromagnet 
served align the shaft permit the reciprocating 
motion needed immerse alternately 
test strip. 

The flow rate the corrosive gas was adjusted 
five liters per hour. The gas, bubbling through the 
water, became substantially saturated with water 
vapor, and, passing over the steel test strip, pre- 
sented fresh corrosive medium all times. 

the end run two hours duration, the steel 
test strip was removed from the reaction flask, pickled 
inhibited sulfuric acid, and washed, dried, and 
weighed, Data and results are given Table and 
Figures and Several experiments were carried 
out 120° using air mixture, effort 
determine the rate corrosion function 
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APPARATUS 


GAS EXHAUST 


STEEL TEST STRIP 


DISTILLED WATER 


Figure 1—Apparatus used corrosion tests. 


time over the first few hours exposure. Data and 
results are given Table and Figure 


Corrosion Product Composition Function 
Corrosive Gas Composition 


These experiments were carried out 120° F., 
using essentially the procedure outlined above. After 
the corrosion had been allowed proceed for 
two hours, the flask was swept out with purified 
nitrogen until the amount H,S present was neg- 
ligible. this time the steel test 
strip was lowered into the water, 
and the flask was sealed except for 
outlet Inhibited sulfuric 
acid was then added the water 
inside the reaction flask means 
the separatory funnel. Any acid- 
product was converted H,S 
which was then swept out 
strong stream purified nitrogen, 
bubbled through sodium hydroxide 
solution, and titrated potentiomet- 
rically using lead nitrate. The 
amount iron present the sul- 
fide was obtained this way. The 
water-acid mixture inside the flask 
was then shaken with carbon disul- 
fide, which extracted any free sul- 
fur and organic inhibitor present. 
The CS, extract was then evapo- 
rated dryness; residue was then 


BOND 
Division Leader, Production and Transportation 
Research, Research and Development Dept., The 
Pure Oil Co., Northfield, holds PhD 
from University Missouri, 1936. Mr. Bond has 
been employed The Pure Oil since 1937. 
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velopment Dept., The Pure Oil Co. holds 
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been employed the Pure Oil since 1948. 


extracted with acetone remove 
organic inhibitor. The remainder 
was weighed after drying and 
called “free sulfur.” The steel 
test strip was removed from the 
acid-water mixture, rinsed dis- 
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Figure 2—Corrosion rate wet steel 70° 
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Figure 3—Corrosion rate wet steel 120° 
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Figure wet steel moist 1.0% Mixture, 120° 


tilled water, dried and weighed obtain total 
weight loss metal over the time interval covered 


the experiment. 
Such analyses were carried out over range 
H,S-air mixtures yield corrosion product composi- 


tion function corrosive gas composition, 
given Table III and Figures and 5A. 


The Oxidation Wet Ferrous Sulfide 
The technique employed this study consisted 
producing fresh quantity ferrous sulfide and 
then allowing this compound react with air. The 
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Figure 5—Composition corrosion product steel, 120° 


TABLE 
Corrosion Rate Wet Steel Mixture 


Temperature 70° Water Vapor Approximately 2.7% 


Total Gas Volume. 


Percent Corrosion 
H2S MOLE RATIOS Rate 
No. | Mixture H2S : O2 : HMO per Year 
0.0 0.0 1 0.05 
6 | 0.75 1.0 28 3.0 0.14 
< 0.75 1.0 28 3.0 0.10 
1.5 1.0 14 2.0 0.28 
2.0 1.0 10 1.4 0.35 
2.5 1.0 8.2 0.33 
| en | 4.0 1.4 7.3 1.0 0.28 
By 6.3 2.2 7.1 1.0 0.26 
12.5 4.5 6.6 1.0 0.32 
| 40 14 4.5 1.0 0.23 
60 21 3.0 1.0 0.19 
80 29 1.5 1.0 0.13 
26... | 100 36 0 1.0 0.05 


° 


Temperature 120 
Total Gas Volume. 


22. 2.0 1.0 6.8 0.33 
4.0 1.0 5.0 3.4 0.31 
7.3 1.0 2.7 1.9 0.27 
10.2 1.0 1.8 1.3 0.29 
14.3 1.0 1.3 1.0 0.29 
3.0 1.0 1.1 0.30 
5.8 1.0 1.4 0.25 


same type steel test strip and alternate immersion 
apparatus previously described were used. After 
certain length time, the strip was pickled the 
closed flask and the liberated H,S was caught 


Water Vapor Approximately 12.1% 


caustic and titrated. Data collected this 
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Figure wet ferrous sulfide moist air, 120° 


are given Table IV, and the results are plotted 
Figure 


The Conversion Hydrated Iron Oxide 
Iron Sulfide and the Reverse Process 

Hydrated iron oxide was formed the surface 
steel test strip exposure stream moist 
air, using the alternate immersion testing apparatus. 
After desired amount oxide had formed, the 
test strip was exposed for period 
time; then air once again. The test strip was then 
treated with inhibited sulfuric acid and the H,S 
was recovered and titrated. Total metal lost corro- 
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TABLE 
Corrosion Rate Wet Steel Moist Air Mixture 
120° 


Duration of | Total Weight Loss, 


7 Exposure, Mg. per 2.15 
No. Minutes Sq. In. Steel 
60 26.3 

| 
Uniform Corrosion Rate: 0.36 inch penetration per year. 
Approximate Gas Composition: 
Volume, Moles per 
Gas Percent Mole H2S 


TABLE 


Percent Ho2S in 
| Air Mixture 
| (Sat’d. in H2O 


Weight Ratio, 


Weight Ratio, 
‘Free Sulfur”’ 


Fe as Sulfide 


No. lVapor at 120° F.)| Total Fe Dissolved | Total Fe Dissolved 
y 0.87 | 0.128 0.017 
2.4 0.51 0.040 
4.. 4.8 0.25 0.055 
5.. 6.8 0.27 0.024 
7.5 0.30 0.098 
13.2 0.31 0.059 
| 18.6 | 0.36 | 0.14 
| ae | 18.6 0.34 0.12 
Bens 36.4 | 0.63 0.20 
I... 36.4 | 0.61 0.25 
13. . 51.0 | 0.50 | 0.23 
14.. 71.5 | 0.46 | 0.21 
15. 71.5 0.88 
| 100 0.94 0.00 
Recs | 100 | 0.90 0.00 
TABLE 
Rate Oxidation Wet Ferrous Sulfide 
Water-Saturated Air 120° 
| Length of Percent of | ist Order Reaction 
| Exposure of es Velocity Constant, 
| Sulfide to Air, Oxidized k, Percent Reacted 
No. Hours to Fe Oxide Per Hour* 
2 66.0 53.8 
4 85.5 48.3 
2.3 a where t = time (hours) 
*k = log a = initial amount of sulfide ; 
a-x amount sulfide converted oxide 
TABLE 
Composition Corrosion Products Formed 
Alternate Exposure Steel Air and 
Initial | | Second Final Ratio, 
Exposure Exposure | Exposure Fe as Sulfide 
..| 1 hour 2hours | 1 hour 0.87 
3 hours .1 hour | hours 0.30 
1 hour {| 1 hour | 16hours | 0.41 
( Ae 1 hour | 1 hour | 17 hours 0.53 
( Eee | 1 hour 1 hour 1 hour | 0.61 


030 
\ 
Composition Products Formed During Corrosion Wet Steel 
Mixture 120° for Two Hours 
100 
2.7% 
q 
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TABLE 


Analysis Steel Test Strips 
Results Duplicate Analyses, Wt. 


sion was also obtained weight loss. The results 
several runs are given Table 


Discussion 


The analysis the test strips used these experi- 
ments (Table VI) indicates typical cold-rolled steel 
average slightly above average corrosion re- 
sistance, The maximum corrosion rate this wet 
steel moist H,S-air mixture occurs 1-2 percent 
H.S, with mole ratio 1:10 1:20 H,S oxygen. 
The minimum corrosion these tests occurs moist 
air free H,S. There also relatively lower rate 

Steel apparently corrodes air-H,S mixture 
with the simultaneous formation acid-soluble sul- 
fide and oxide. was found analyzing the corro- 
sion product that the percentage iron sulfide 
was always larger than the volume percentage 
the mixture causing the corrosion. Such 
heterogeneous surface scale may result porous 
layer which does not prevent diffusion fresh re- 
actants. This possibility suggested the linear 
progress corrosion with time (refer Figure 4). 

The rate formation hydrated oxide approxi- 
mately the same the rate formation (ferrous) 
sulfide, but the interconversion oxide sulfide and 
vice-versa favors sulfide the more stable under 
these indicates that wet ferrous sul- 
fide definitely not spontaneously ignited, least 
moist air. Other experiments made the labora- 
tory but not recorded data this report have 
indicated that dry ferrous sulfide does not readily 
oxidize air room temperature. Hydrous ferric 
oxide thermodynamically more stable than ferrous 
sulfide, but the rate conversion reasonably slow. 

The rate oxidation wet ferrous sulfide pro- 
ceeds fairly rapidly moist air, illustrated 
Table and Figure logarithmic decrease 
percent reacted function time suggests that 
the rate proportional the amount sulfide 
conceivably the oxidation rate could proportional 
surface area sulfide. give this result 
heterogeneous sulfide layer composed 
spherical particles would required. The data fit 
first order kinetic equation fairly well, and show that 
reaction velocity constant about 0.5 that is, the 
rate any instant such that percent the 
remaining sulfide would oxidized one hour. 

The composition the corrosion products steel 
H,S-air-water vapor varies with composition 
the gas mixture, over the whole range per- 
centage. The data are more accurate the region 
dilute since such experiments could carried 
out less time than those high concentra- 
tions. 

“Free sulfur” (extractable present 


very high concentrations, and increases rather 
than decreases with increased sulfide formation. One 
conclusion might that sulfide offers better 
catalytic surface for the oxidation H,S than does 
oxide. view the indirect method used obtain- 
ing the free sulfur data, the accuracy the data 
probably low +50 percent. 

shown Table hydrous ferric oxide layer 
was formed steel some this layer 
was then exposed pure and then air. The per- 
centage sulfide the resulting corrosion product 
was surprisingly high. Once the oxide was converted 
partly sulfide (probably mixture FeS, 
subsequent exposure air caused relatively little 
additional formation oxide, All the results reported 
here agree general with those related 
ments performed elsewhere, discussed above. 


Summary 


For mild steel, the most corrosive H,S-air mix- 
ture consists about percent water- 
saturated 

H,S concentrations about percent, the 
corrosion rate increases about percent when 
the temperature increased from 
120° 

The corrosion rate under the conditions tested 
independent time, least during the first 
several hours exposure. 


fairly uniform increase percent sulfide with 
increase concentration. Free sulfur 
present even high H,S concentrations, 

The oxidation wet ferrous sulfide 85.5 per- 
cent complete after four hours exposure 
120° Ferrous sulfide prepared these 
experiments does not ignite spontaneously 
air. 

The conversion hydrated iron oxide iron 
sulfide (in the presence hydrogen sulfide) 
proceeds faster than the conversion iron sul- 
fide iron oxide (in the presence air), under 
the conditions used the experiments. 
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DISCUSSION 


Comment Prange, Phillips Petroleum 
Bartlesville, 


While commonly assumed that the corrosion 
products hydrogen sulfide environments are FeS, 


Com 
date 
corr 
Bon 
solu 
ficia 
sulp 
sult 
free 
star 
oxy 
are 
for 
hyd 
con 
add 
thu 
spa 
cor 
the 


Vol, 


rather 
on. One 
obtain- 
data 


layer 
layer 
per- 
product 
nverted 
little 
eported 
experi- 


water- 


the 


when 


ested 


air 
these 
isly 


iron 


rom 


28). 
288, 


861, 


on 


fect 


n Co., 


rosion 
FeS, 


January, 1950 


this point must demonstrated. Using X-ray diffrac- 
tion, have yet find FeS sulfur-containing 
corrosion products. Pyrites, however, are common 
constituent, would add the study corrosion 
corrosive conditions producing FeS were enum- 


erated. 


Comment Lyle Sheppard, Shell Pipe Line 
Corp., Houston, Texas: 


glad see that interest being taken the 
space corrosion sour crude oil tanks. 
date this has proven one the most difficult 
corrosion problems solve. Work such Messrs. 
Bond and Marsh are doing will give better 
understanding the mechanism and hence quicker 
solution the problem. 

have few comments their paper, and observa- 
tions from work have done which may bene- 
ficial them. 

During the process converting the iron sulphides 
hydrogen sulphide the addition sulphuric 
acid there good possibility forming “milk 
Since this form sulphur not soluble 
carbon disulphide would not show the re- 
sults either free sulphur hydrogen sulphide. 
might well check this determining any 
free sulphur settled from the test solution upon 
standing for hours, 

the tests was found that the percentage 
sulphur oxygen the iron corrosion products 
was always greater than the percentage sulphur 
oxygen the original corrosive vapor mixture. There 
are two possible explanations this. First, could 
mean that hydrogen sulphide has greater affinity 
for iron than oxygen. Second, could mean that part 
the oxygen formed water uniting with the 
hydrogen liberated the iron-hydrogen sulphide 
corrosion process. This second explanation rather 
important for means that perfectly dry hydrogen 
sulphide, which non-corrosive iron, could be- 
come corrosive upon this water formation the 
addition oxygen. Slow oxidation the dry hydro- 
gen sulphide oxygen (2H,S 2S) 
could form the initial water. Once this water was 
present more hydrogen would become available and 
thus more water formed. The corrosion would be- 
come progressively greater. 

the iron corrosion products taken from the vapor 
space sour crude oil tanks that oxides and free 
sulphur were predominant with surprisingly little 
sulphides. This was not always due oxidation 
the sulphides after removal from the tanks. These 
corrosion products were very corrosive iron 
brine solutions. Droppings from the vapor space 
area can cause severe damage the brine area 
the tank bottoms, This has been verified experi- 
ence. Thus corrosion stopped the vapor space 
area least part will stopped the brine 
area, 

Most our work with sour crude oils has been 
pipe lines rather than tanks. However, knowledge 
few the observations from pipe line work may 
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give leads for further investigation tanks. typi- 
cal oxidized sediment from pipe lines had the follow- 
ing analysis weight: 


FeS and Fe203 36.9% 
100.0% 


The important part this analysis the presence 
magnetic iron sulphides. was also present 
large percentages unoxidized sediment (by atmos- 
phere). know was magnetic because was 
separated from the other sulphides magnetically. 
know was sulphide because hydrochloric acid 
evolved hydrogen sulphide from it. know was 
one the original corrosion products because was 
found unoxidized sediment and was reproduced 
the laboratory from hydrogen sulphide and iron. 
have never isolated ferric sulphide from the 
sediment. may have been present, but changed 
ferrous sulphide and free sulphur. 

The following table gives the average penetration 
rate iron from number tests the various 
sulphur products found pipe line sediment, These 
were 96-hour tests synthetic brine solutions. The 
oxidized tests were made with the products moistened 
with brine and then exposed the atmosphere for 
hours before the tests began. Agitation during the 
tests gave higher rates than these shown. 


Average Penetration Rate 
Mils per Year 


Unoxidized Oxidized 
Pipe line sediment......... 211.7 778.0 


(The synthetic brine used was average many 
natural brines made Shell Development Co. 


Because these studies came the conclusion 
that magnetic iron sulphide and free sulphur were 
the two greatest offenders pipe line corrosion 
sour crude oil. 


Authors’ Reply: 


Mr. Prange justified questioning the composi- 
tion the corrosion product our experiments. 

appears that there are three products possible 
which contain iron and sulfur: ferrous sulfide (FeS), 
iron pyrite and ferrous sulfide with sulfur 
held “in solution” where may vary from 1.0 
about 1.33). 

Iron pyrite not soluble dilute acid, such the 
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percent sulfuric acid used our tests, the H,S 
and free sulfur observed could not have been derived 
from pyrite. There was visible residue after pick- 
ling with acid and extracting with the amount 
pyrite present, any, was small. 

Various iron sulfides are reported the literature 
having atomic ratios S/Fe continuously variable 
from 1.00 least 1.33.1 X-ray analysis such 
sulfides reveals FeS crystal lattice with random 
sulfur atoms held “in solution” the lattice struc- 
These sulfur atoms are not dissolved carbon 
disulfide. When dissolved acid, sulfur-bearing sul- 
fides form and the excess sulfur precipitated.’ 

These sulfur-bearing ferrous sulfides might have 
been present our corrosion product. This possi- 
bility was tested number experiments, similar 
those described our paper; these experiments 
CS, extraction was made before well after 
acidification the corrosion product. the second 
extraction the CS, dissolved some the organic 
inhibitor used the acid; this inhibitor was removed 
with alcohol, which dissolved negligible amount 
sulfur. 

Such experiments were carried out scale formed 
20, 50, and 100 percent H,S-air mixtures. Table 
gives the data obtained these tests. 

seen that most the free sulfur extractable 


4 


CS, before acidification the scale, appears 
that the corrosion product principally 


ferrous sulfide and elemental sulfur, with some 
oxide. 


was not produced the experiments. Trial runs 
made determine whether the carbon disulfide was 
quantitatively dissolving the sulfur and this was 
found the case, 


Mr. Sheppard’s other comments are very interest- 
ing. The magnetic sulfide Fe,S, which refers 
probably one the compounds containing 
with additional sulfur atoms held “in the 
crystal lattice. Such compounds are known 
magnetic even though all the iron the ferrous 


The “milk sulfur” which Mr. Sheppard refers 


state.* 
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Free Sulfur Corrosion Scale 
Mg. Free S in Scale Mg. Free S Formed by 
Percent of Dissolved | Before Acid Treatment, | Acid Treatment of Scale 
Percent H2S in Air Mixture Iron Present as FeS per Mg. Dissolved Fe per Mg. Dissolved Fe 
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The Cost Corrosion The United States* 


HERBERT UHLIG* 


CONOMIC and material loss through corrosion 
metals divided into direct loss resulting 
from protection costs and replacement corroded 
equipment and incalculable, often higher, in- 
direct loss through shutdown, over-design, loss 
product and efficiency, explosion, and contamination. 
Direct loss corrosion, although amenable 
analysis, still difficult estimate. survey 
this kind almost always incomplete and subject 
believed that annual cost the United States, 
tabulated later detail and amounting over $5500 
million, represents the present-day tax exacted di- 
rectly the ravages corrosion and the correct 
order magnitude. Previous estimates the order 
$500 million $1000 million are definitely too low. 
Not all the material loss can prevented. 
Metals persist reverting their ores com- 
pounds lower energy despite corrosion protection 
and possible reduction economic loss limited 
the continuous periodic upkeep required all 
protective measures. Notwithstanding, much more 
can accomplished through further scientific and 
engineering application this problem, involving, 
does, conservation materials and human effort. 
The substance this report may well serve 
challenge the imagination those responsible for 
administration research. this true, perhaps the 
facts will also challenge engineers and scientists, 
persuading them the opportunities for service 
field where only percent improvement means the 
annual saving $55 million and thousands tons 
critical metals. 


Indirect Losses 


Indirect losses cannot estimated and are not 
subject even educated guess. This 
ticularly true since they include loss life and limb, 
and psychological factors attending unpredictable 
failure explosion. Furthermore, losses materials 
and dollars and cents through corrosion indus- 
trial equipment seldom become public information. 
Enough convincing examples are record, however, 
show that these losses are high order magni- 
tude. 

For example, leakage from corroded pipe line 
may cause spillage large amounts gas petro- 
leum. fire catches, buildings congested areas 
may affected, some cases the petroleum may 


_ Experience Paper presented before United Nations Sectional Meet- 
ing, Mineral Resources 6 (a), on Conservation by Corrosion Control, at 
Lake Success, N. Y., September 1, 1949. The major portion of this 
material was published in Chemical and Engineering News, 27, 2764-67 
(1949) Sept. 26. 


*Corrosion Laboratory, Massachusetts 


Department of Metallurgy, 


Institute of Technology, Cambridge, Mass. 


leak into water reservoir contaminating entire 
municipal supply. extreme example this kind 
recorded relating 40-mile gas distribution 
pipe line badly corroded that percent the 
gas which entered was lost through perforations 
the pipe.* 

Other examples relate water mains. Corrosion 
causing bursting pipe may shut off vitally needed 
water sections city, or, what more general, 
rust and tubercles gradually choke off the supply, 
necessitating increased pumping capacity until the 
line cleaned replaced. Reduction capacity 
water mains because corrosion has been estimated 
costing the United States almost $40,000,000 

The cost shut-down through corrosion also 
large figure. oil refineries, replacement cor- 
roded tubes one unit alone may cost $800 per hour 
because lost production.’ Corroded boiler tubes 
condensers large public utility may cost the 
company $10,000 per day for power bought from 
adjacent system while the corroded unit repaired.* 

Spoilage food corroded tin containers has 
amounted, times, over $1,000,000 loss per year 
one company alone. Nor have such losses been 
overcome. lesser loss but the same order 
magnitude was sustained recently company 
using metal covers seal glass jars. Additional 
instances indirect loss are record, but many 
more are never analyzed never reported. Their 
total would increase the costs corrosion tabulated 
this report substantial factor. 


Losses Incurred Through Over-Design 


Large are these more obvious indirect losses, 
there are also similar losses less readily recognized. 
For example, appreciable tonnages metal are con- 
sumed needlessly each year because equipment 
over-designed take care corrosion. Because 
corrosion rates may unknown, the design engineer 
often specifies several times the required thickness 
metal ensure adequate strength and continued 
performance. Except for corrosion, the factor 
safety might much less. Over-design common 
with construction reaction vessels, boiler and con- 
denser tubes, buried pipe lines, oil-well sucker rods, 
water tanks, and marine structures. 

The magnitude this factor can appreciated 
reviewing the design pipe lines carrying natural 
gas and petroleum. Pipe lines laid without protection 
are provided with walls exceeding the thickness re- 
quired for operating pressures. The thicker wall 
for the purpose avoiding early perforation 
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corrosion from the outside. With adequate external 
protection, however, the wall thickness can re- 
duced percent. This will still allow ample 
factor safety with regard internal pressures. 
For example, 225 miles 8-inch-diameter pipe re- 
duced wall thickness from 0.322 0.25 inch saves 
3700 tons steel, valued $330,000 

This saving amounts much more than 
the usual combined cost protective coating plus 
cathodic protection which permits thinner wall pipe. 


The reduction wall thickness, incidentally, also 
provides larger internal diameter pipe having ap- 
proximately percent increase capacity. This 
makes possible additional gains over the initial saving 
steel. Based the length all pipe lines the 
country, percent increase capacity equivalent 
almost 50,000 miles pipe. 

Another example given fabricated sucker 
rods used oil wells. fabricated, the cost 
lease cents per foot, accounting for annual 
figure $14,000,000 based total production 
40,000,000 feet rod estimated that 
probably $7,000,000 this total can ascribed 
“over design” take care corrosion fatigue, since 
without this deteriorating factor the rods might 
made lighter weight and without alloying addi- 
tions. Further indirect loss results from the extra 
power required operate the heavier design rods 
and from the extra expense recovering the heavy 
rods after breakage. 


TABLE Annual U.S. Direct Loss Corrosion Including Cost Corrosion Control 
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Direct Losses 


Estimated annual direct losses corrosion the 

United States are listed Table The losses are 
calculated the basis that all measures which apply 
the protection metals, which increase the 
cost materials over that steel, should 
cluded. Labor charges for application replacement 
are considered part the costs. 

The individual estimates include only order 
magnitude appraised from the best available informa- 
tion. Lack data, either unobtainable the time 
writing or, few instances, not available public 
information, compelled some important omissions, 
The final cost figure Table any case, should 
considered the low side, since felt that 
future, more exhaustive attempts estimate true 
costs will raise this total appreciably. 

Although all common metals corrode, iron and steel 
account, large factor, for most metal Cor- 
rosion losses, therefore, obviously reflect this situa- 
tion. Were iron completely resistant rust and 
tarnish, undoubtedly would used generally be- 
cause its availability and low cost. Therefore, 
whenever nonferrous metals alloy steels are used 
instead primarily resist corrosive 
increased cost over iron the same shape and size 
legitimate charge corrosion. One weakness 
this argument comes from the fact that resistant non- 
ferrous alloy materials are usually used thinner 
gage thinner sections than corresponding steel 
construction, that labor charges 
per pound metal may more 
than those for equivalent weight 
steel. For this reason, metal pro- 


1. Paints, varnishes, and lacquers for protecting metals, based on 0.5 


total estd. production for 1948...... 


duction figures weight basis 
585,000,000 


Ratio labor costs of application to cost of paint i ooo ee multiplied by a differential price 
2. Phosphate coatings; materials and 20, er PO q 
1,643,000 tons sheet in 1948 at 2.5 cents/Ib. differential over black | _ een correct measure of corrosion costs 
830,000 tons of galvanized pipe (1947) at 2.5 cents/Ib. differential. .| 41,500,000 applicable to 2 given metal. i his 
259,000 tons of galvanized barbed wire dios) at 2.5 cents/Ib. } Sea 
Tin and terne plate; 3,950,000 tons 1948 


7,200,000 Ib.; 60% 


Cd production (1948): for electroplating: 


4,300,000 Ib. 


The assumption that percent 
the annual production paints 


Application $2.66/Ib. (based on Ni application cost).............. | 8,600,000 i 

Electroplate, 30,000,000 Ib. nickel (1948) 13,000,000 high low, since data are col- 

Heat- and corrosion-resistant alloys other than stainless alloys faces to which paints are applied. 
listed below, 180,000,000 Ib. (1947) 90,000,000 The estimate for phosphate 


7. Copper and copper-base alloys; 250,000,000 Ib. (1948) of copper and 
alloy pipe and tube at 20 cents/Ib. differential (recent data on other 
applications not available) . 


8. Stainless chromium-iron and c -hromium-nickel-iron 
20,400,000 | 


Wrought alloys, 600,000 tons (1948) at 50 cents/Ib....... 


base for paints, was obtained from 


50,000,000 
the largest concern that produces 


| 620,400,000 


Castings, 20,400 tons (1948) phosphating solutions. 
10. Underground pipe maintenance and charge to corrosion listed in Table 
12. Domestic water heater replacements, 30, 000,000 tank spines I for y arious coatings should be 
ment each year at $75 each for labor and materials..............-.] 
13. Internal combustion engine corrosion......... 1,030,000,000 added similar charges tor the 
Corrosion estd. responsible for 60% of wear; "38: 900,000 vehicles en 
(1948), 10,400 valve grind costof $40/30,000 ameling industry and tor the 
piston ring and overhaul cost $150/50,000 miles.: rubber and plastic coatings field, 


figures for which were not avail- 


$5,427,000,000 
able. Estimates are also omitted 


* Based on 988, 000 miles of gas, water and oil lines, emp! oying estimate of K. 
is reasonable annual cost for 500,000 miles of pipe line. 
care of increased labor and material costs. 


Logan's figure has been increased 50 “nes to take 


for electrodepositing several metals 
addition those listed. 


H. Logan that $200,000,000 


con 

test 
afte 


ane 
pipe 
liste 
mun 
brin 
deri 
ofa 
abrz 
wea 
war 
| 


Vol. 


the 
Ses are 
apply 
the 
be in- 
cement 


rder 
time 
public 
should 
that 
true 


situa- 
and 
refore, 
used 
the 
size 
ess 
non- 

steel 
more 
pro- 
basis 
price 
costs 
This 
bably 

cost 


rcent 
aints 

sur- 
as a 
from 


llion 
‘able 
| be 

the 

the 
ield, 
tted 
tals 


January, 1950 


The data for copper and copper-base alloys omit 
applications such flashing buildings, air-condi- 
tioning equipment, automobile radiators, refrigera- 
tion equipment, etc., for which recent data are not 
available. 

The estimate $66 million the cost boiler 
and other water conditioning was obtained multi- 
plying the total horsepower capacity the country 
the cost water conditioning plus labor and 
boiler tube replacement per unit 

Underground pipe maintenance costs make use 
earlier figure carefully estimated Logan® and 
corrected for increased costs and for the re-estimated 
pipe-line 

Oil refinery maintenance costs, including both 
materials and labor, should corrected for materials 
listed elsewhere. However, labor costs predominate, 
and likely that indirect losses—for example, 
shutdown—combine make the $50 million estimate 
too low. Also, this figure should added several 
million dollars more for tanker corrosion, oil-well 
corrosion, distribution equipment losses, and other 
items, data for which obtainable. 

Combined losses the chemical industry, com- 
munications industry, railroads, shipping, etc., might 
bring the total times the corresponding 
figures for the oil industry. However, data reflecting 
much order magnitude could not ob- 
tained for general corrosion losses industry. 

Cost figures for hot-water tank replacements are 
derived from service data the Federal Public 
Housing Authority quoted One-fourth 
one-half million domestic hot-water tanks and 
range boilers various housing projects throughout 
the country, using all types waters, were observed 
for five years. Within this time, several projects 
required annual replacement high percent 
all tanks service, with figure percent 
reflecting conservative estimate. Industrial water 
tanks are not included the final cost figure. 

The large cost engine wear attributed corro- 
sion startling, but nevertheless appears 
correct. Recent experimental data obtained both 
England® and the United prove that 
piston rings and cylinder walls wear not only 
abrasion one part moving the other but also 
chemical attack combustion products. Corrosive 
wear was found especially active during the 
period engine operation when water 
condenses the cylinder walls. 

Experiments were conducted 40- 100-hour 
tests which piston rings were weighed before and 
after, and the internal diameter cylinders precisely 
calipered. The conclusive evidence corrosive wear 
briefly follows: 


120° (50° was followed considerably more 
wear (in some cases factor than 
temperature 167° (75° higher. 

hydrogen fuel with low cylinder-wall 

temperatures caused substantially less wear than 

using gasoline alcohol blends. Combustion 


products the latter contain acid, various 
organic acids, and sometimes sulfuric acid. 

Wear increased proportionally the sulfur con- 
tent the fuel. 
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Acids were detected the combustion products. 
Sulfuric acid and metal sulfates were detected 
cylinder deposits and used lubricants. 

Reduction wear was obtained the use 
corrosion-resistant alloys. 

Substantial reduction wear was obtained 
adding alkaline compounds oil fuel, 
passing oil over lime pellets. 


wm 


The factor corrosive wear borne out, well, 
service data. Statistics compiled England show 
that cylinder wear for long-distance runs amounts 
about 0.001 inch per 5000 miles, whereas for auto- 
mobiles used doctors and some house-to-house 
delivery vehicles (more cylinder condensate) the 
wear was 0.001 inch per 100 1000 miles, maximum 

From these and other facts appears reasonable 
automobile engine wear can attributed corro- 
sion. 

Mufflers automobiles, the majority in- 
stances, fail corrosion. There were 
mufflers installed car dealers and independent 
repair shops 1948. This does not include mufflers 
installed gasoline filling stations, fleet shops, 
individual car owners. The above figure, therefore, 
multiplied estimated $14 for labor and parts 
gives conservative estimate this source loss 
from corrosion. 


Reduction Corrosion Costs 


What can done reduce these Certainly 
development present methods and research new 
approaches corrosion control can depended 
upon exert their effect. For this reason, many costs 
Table can expected contract the future. 
the other hand, others will increase, reflecting 
savings largely indirect corrosion losses not tabu- 
lated this survey. 

Obviously, since iron and steel constitute the bulk 
metal use, paints and metal coatings will con- 
tinue major protective measures. The improvement 
their protective qualities has received considerable 
impetus through the expansion research facilities 
the industries. Much more remains done, 
however. not unreasonable objective for 
research program this field improve some 
all these coatings more than percent within 
the next five years. Protective paints, for instance, 
have improved excess this factor within recent 
years, largely through the use new vehicles and 
corrosion-inhibitive primers. Along 
advances, there urgent need for accompanying 
quantitative data the life painted metal struc- 
tures. Service data this kind are peculiarly lacking 
the present time. 

The use corrosion-resistant metals and alloys 
expected expand because economies effected 
their use. Another factor this same direction the 
increasing acceptance bright metal surfaces for 
many decorative applications. The economic 
tage replacing iron corrosion-resistant metals 
alloys not always realized. For instance, Pogacar™ 
gives example alternate materials available for 
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use heat-exchanger tube bundles used the coke 
industry. Carbon-steel 13-gage tubes cost $3190 and 
last one year. Stainless tubes the same gage cost 
much more—namely, $13,600—but they last years. 
The cost per year $3190 for carbon steel but only 
$680 per year for stainless steel reflects saving 
$2500 per year plus the conservation many pounds 
iron over 20-year period. 

general, whenever more costly alloy pro- 
tective coating increases life the metal structure 
and labor costs are identical, the substitution, eco- 
nomically sound, can estimated evaluating the 
following expression: 


100 


costs for replacement 
cost materials 


increase cost using new material protective 
coating having increased life 


where 


100 increase life 


A 
100 increase materials cost 


this expression greater than zero, the substitu- 
tion saves money, the amount which per year can 
obtained multiplying the expression 


This annual gain neglects 
100 interest charges. 


Cathodic Protection 


Buried pipe other metal structures can pro- 
tected externally for almost indefinite period 
use cathodic protection. Pipe lines protected 
show evidence attack after many years 
service. Cathodic protection makes use electric 
energy supplied from some source such rectifier 
wind-driven generator. The negative terminal 
the source connected the pipe, the positive 
terminal anode bed. The latter made 
carbon graphite which gradually disintegrates 
oxidizes, scrap iron which corrodes extent 
approximately proportional the impressed current. 


Cathodic protection without use external electric 
current possible employing anodes 
magnesium, aluminum, zinc. Anodes these 
metals set galvanic cell with the steel structure, 
resulting electric current that acts similarly 
protect the steel from corrosion. Transfer corro- 
sion from the pipe other structure the readily 
accessible anode bed requires that the latter 
renewed intervals depending the amount 
electricity flowing. Rates corrosion sacrificial 
anodes are somewhat higher than the chemically 
equivalent weight iron that otherwise rusts. 


Possibilities Various Metals 


Zinc, being critical metal, offers relatively little 
hope for this purpose from conservation standpoint. 
Aluminum ores are more abundant, and magnesium 
available apparently unlimited quantities 
ocean water. Since aluminum magnesium recovery 
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requires definite quantities electric energy per 
pound metal, employing these metals for cathodic 
protection simply that convenient source 
energy the site where corrosion takes place. For 
example, each pound magnesium sacrificial 
anode equivalent about 500 ampere hours. 

Conservation steel cathodic protection, there- 
fore, throws corresponding load our energy 
resources and cheap forms some metals 
conducting nonmetals. The energy requirements, 
however, are relatively small and are entirely rea- 
sonable view the otherwise serious loss 
product, such oil gas, that may occur absence 
corrosion protection. Furthermore, the initial say- 
ing steel made possible thinner-wall pipe 
cathodically protected major factor when one 
deals with thousands miles pipe line. 

When scrap iron used anode, this con- 
tinually consumed, that, except for the initial 
saving steel use thinner wall, iron such 
may may not conserved. This fact suggests the 
need for improved graphite other types in- 
soluble anode beds available for installations employ- 
ing impressed current. 


Installation and Maintenance Considerations 


Costs for installing and maintaining cathodic pro- 
tection vary with the method, soil conditions, type 
protective coating, any, and other factors. Use ofa 
supplemental nonconducting coating has been found 
justified economically. acts distribute 
better the protective current critical areas 
exposed steel and reduces current requirements and 
maintenance costs. For some installations 
lines employing supplemental coatings, initial invest- 
ment costs have been between $150 and $600 per 
Sacrificial anodes magnesium weighing 
pounds cost from $7.50 $10.50 each, depending 
quantity, and last approximately years when 
supplying milli-amperes current continuously. 
one installation reported that labor costs 
amounted percent the cost magnesium 
Maintenance costs vary widely. figure 
percent the initial investment for the pipe line, 
which includes power costs, depreciation, interest, 
and taxes, was given average annual estimate 
for Pacific Coast gas line observed over five-year 


Cathodic protection also applies submerged 
structures, industrial water storage tanks, and 


domestic hot-water tanks. the Panama Canal, 
steel gates measuring feet high, feet long and 
feet thick, painted with bituminous enamel, are 
cathodically protected using impressed current 
approximately ampere per 1000 square feet 
The initial cost for installing cathodic pro- 
tection using steel anodes was $1000 per gate $200 
per 1000 square feet protected surface. This cost 
estimated less than 0.5 percent the cost for 
replacing the gate. operation after four years, 
pitting was observed, and the protection expected 
permit operation the locks until 1953 without 
painting. 

Use magnesium anodes for domestic hot-water 
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tanks has gained headway during the past few years, 
and now seems apparent that least several years’ 
life can added galvanized hot-water tanks. Use 
rectifiers and insoluble anodes has also offered 
promise, particularly for industrial water tanks. 


Other Protective Measures 


Increased use inhibitors for cooling systems, 
pipe lines, brine systems, air-conditioning equipment, 
heating plants, small boilers, and others, will reflect 
eventually the conservation thousands tons 
steel and other metals. inhibitor petroleum 
product line, for example, estimated increase 
average capacity Cost the inhibitor 
usually small consideration. 


Deaeration waters protect steam boilers 
practiced all modern plants. Deaeration now 
also available for reducing corrosion cold water. 
Equipment has been quoted costing $10,000 for 
1,000,000-gallon-per-day plant $200,000 for 
50,000,000-gallon-per-day plant. Corresponding oper- 
ating costs are about $2.00 per million gallons when 
dissolved oxygen reduced one part per 
This cost will higher when corrosion must held 
minimum and dissolved oxygen, therefore, must 
reduced still more. 


Reduction Engine Wear 


Present data show that the economic loss repre- 
sented corrosive wear engines can reduced 
available protective measures, such addition 
inhibitors oil fuel, and use corrosion- 
resistant alloys for cylinder liners and piston rings. 
Protective measures this kind should effect 
cylinder and ring wear caused corrosion alone. 
This equivalent minimum percent reduction 
the over-all wear from combined corrosion and 
abrasion, with possible improvement 
estimate. 


Valves and valve seats will probably not in- 
hibited the same additions fuels that protect 
cylinders and rings, but there every possibility that 
current improvement oxidation-resistant alloys 
will make available, due course, valves having still 
longer life. 


Present-day loss mufflers probably can and will 
mitigated use protective coatings instead 
heavier-gage steel now used more expensive types. 
This approach will save steel. 


Proposed Research Program 


Speculation about the future, purely guess work, 
may may not justify the effort required. However, 
continual thoughtful planning for the future, based 
established facts and past experience, necessary 
human survival. For this reason, summary 
predicted reasonable gains made well 
directed research, development, and educational pro- 
over the next five years may serve some 
purpose. This done Table investment 
0.5 percent the amount saved would 
Provide adequate support for such program. 
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TABLE Predicted Annual Savings Five-Year Research, 
Development, and Educational Program Corrosion Control 


1. Paints, varnishes, and lacquers, 10 percent improvement in 


2 Galvanized sheet, pipe, and wire, 10 percent improvement 

3. Nickel electroplate, 10 percent improvement in life for given 

thickness of coating applied to 30,000,000 Ib. nickel at 

4. Increased use of inhibitors and water conditioning........ 200,000,000 
5. Buried and submerged structures, maintenance and replace- 

ment of (20 percent saving over cost of coatings and 

cathodic protection for distribution and transmission 

pipe lines, buried tanks, canal locks, marine structures, 

6.” Domestic hot-water tank replacements, 25 percent saving 
over cost of cathodic 55,000,000 
7. Internal combustion engines, 30 percent improv ed life 

through use of corrosion-resistant metals or alloys and 

corrosion inhibitors int Gi) ANG 310,000,000 
8. Auto mufflers, 25 percent improved life. ................0 17,000,000 


The savings, course, are not alone dollars and 
cents. There are direct and indirect savings metals, 
coal, oil, water, and other our exhaustible material 
resources. And not least, there substantial saving 
human effort. What potential advance culture 
and other real values living are possible the 
latter saving subject that lies outside the scope 
this paper. sufficient know that the increas- 
ingly successful effort combat corrosion represents 
social and material gain for mankind. 
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Mechanism Oxygen Reduction 


WALTER PATRICK* and HERMAN WAGNER* 


Abstract 


Mechanism the anodic corrosion process dis- 
cussed. The paper refers previous articles wherein 
hydrogen peroxide was assumed 
mediate the corrosion reaction, particularly where 
ferrous materials are involved. 
ments with iron-amalgam cells with description 
the procedure and diagrams apparatus. Tables are 
included with present data current, current den- 
sity, percent absorption upon cathode solution and 
percent yield hydrogen peroxide. inspection 
these data show that the greatest yields peroxide 
were obtained alkaline solutions with small current 
densities. Results indicate that possibly hydrogen 
peroxide also was formed the acidic solutions but 
was more quickly reduced further the hydroxyl 
ion which reacted form water. possible explana- 
tion given the instability hydrogen peroxide 
the acid contrasted its greater stability 
the alkaline solution. Results obtained with those 
from previous parallel experiments are compared. 


GREAT deal has been written concerning the 

mechanism the anodic** corrosion process. 
the cathodic side much less known, and al- 
though generally recognized that where oxygen 
the oxidizing agent hydroxide ion ultimately 
produced, the mechanism and reaction preceding its 
formation are not often considered. 

The assumption that peroxide general the 
first product oxygen reduction not new. dis- 
cussing the potential the oxygen electrode and its 
well noted irreversibility, explains the 
effect addition hydrogen peroxide the liquid 
about the oxygen electrode diminishing the electro- 
motive force the cell postulating hydrogen 
peroxide product the electroytic reaction. 
Experiments Traube,? Richarz and 
Fischer and Risenfeld and Fur- 
man and and others have established hy- 
drogen peroxide product oxygen reduction 
cathode surfaces representing variety metals. 

There are several possible explanations the 
failure many experiments show definitely the 
formation hydrogen peroxide corrosion inter- 
mediate, particularly where ferrous materials are 
involved. First, the currents existent ordinary 
corrosion only small amounts would formed; 
secondly, that which formed liable further 
thirdly, any ferrous ferric ions com- 
pounds produced concurrently present the iron 


% Submitted for publication August 29, 1949. 
* Johns-Hopkins University, Baltimore, Md. 
** Here and in the following the term anode will be used to designate 
that point of surface at a metal-solution interface where the flow of 


negative charge is from solution to metal, while the term cathode will 
signify a flow of negative charge from metal to solution. 


surface initially can catalytically 
ide; and lastly, considered Weiss,’ even metal- 
lic iron may catalytically decompose peroxide 
initiating free-radical chain reaction. 
Wieland and performed experiments 
which iron amalgams (actually colloidal dispersions 
iron mercury) were shaken with solutions 
various values. They showed that one moved 
from lower higher values greater yields 
peroxide were obtained. Experiments which 
conducted with finely powdered iron gave uncertain 
results. These experiments are particular interest 
that iron directly involved, and was thought 
desirable investigate further the mechanism 
peroxide formation with the iron amalgams. 


Experiments With Iron-Amalgam Cells 


The cell for these experiments was constructed 
glass shown Figure deoxygenating the 
solutions specified such below the method de- 
scribed the authors previous was 
employed. 

(a) Cell: Fe-Hg, free KOH solution, 
(pH 13) 
sat. solution, 
(pH 13) 

Polarity: electrode, Fe-Hg; electrode, 
Average current flow upon 
short circuiting cell: 


Time short circuiting: 


Cathode electrolyte 
peroxide test: 


times 10° amperes 
180 minutes 


Positive 
Anode electrolyte 
peroxide test: Negative 
(b) With the same type cell but replacing the dilute 
KOH solution with dilute solution (pH 
2.1) the same polarity and order magnitude 
currents were observed but peroxide could 
detected. 


(c) With the same type cell but approximately 
neutral solution the same polarity and 
order magnitude currents were observed but 
peroxide could detected. The cathode elec- 
trolyte this case, would expected, gave 
alkaline reaction with phenolphthalein indicating 
reduction the oxygen hydroxide ion. 


all the above experiments oxygen was very 
slowly bubbled into the electrolyte above the 
cury (cathode) surface order maintain abun- 
dant supply oxygen this electrode. When 
blank was run bubbling oxygen for sixty minutes 
over the mercury surface, with the cell open 
circuit, peroxide could detected any 
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making the peroxide test the titanium sulfate- 
sulfuric acid sensitive specifically peroxide 
down times 10° molar was employed. When 
attempt was made measure the electromotive 
force the above cells open circuit was found 
that the value was not constant and gave sudden and 
large fluctuations, although never reversing polarity. 
the cell was shaken disturb the electrode- 
electrolyte interface sudden shanges potential were 
noted. Also was observed, expected, that the 
difference potential between the two electrodes 
was generally greater when the Fe-Hg electrolyte 
was deoxygenated than when this was not the case. 

These results parallel those obtained Wieland 
and Franke, when iron-amalgams are shaken 
with the various solutions mentioned. The fact that 
the peroxide could produced over mercury alone 
the cell described above shows that the amalgam 
shaking experiments may involve action that 
least partially electrolytic nature and may de- 
pend upon iron only for the generation favorable 
potential for the oxygen reduction, this latter process 
occurring perhaps only the mercury-solution in- 
terface. 


Experiments with Oxygen Reduction 
Iron Cathode 


their experiments Wieland and Franke obtained 
much smaller yields peroxide when finely divided 
iron powder was shaken with their various solutions. 
The trend peroxide yield ran parallel, however, 
that obtained with the iron amalgams. This they 
explained being large part consequence 
the fact that any peroxide formed immediately 
liable further reduction reaction with the 
anode products. 

The latter these two factors can removed 
causing the anodic reaction occur separately 
from the cathodic reaction that contact 
allowed between the reaction products. The former 
might removed reduced effecting con- 
tinuous flow electrolyte past the cathode. This is, 
however, not generally the condition ordinary cor- 
rosion, and designing the apparatus described be- 
low was thought advisable study electrolytic 
reduction oxygen only occurs still elec- 
trode-electrolyte interface function current 
density and electrolyte composition. 

indication the sensitivity required 
chemical test for peroxide the concentrations 
which would exist corrosion product may 
gained from the following considerations. the 
iron cathode area were, for example, ten square cen- 
timeters, the cathode electrolyte volume, cubic 
centimeters, and 100% yield peroxide as- 
sumed can calculated that with current density 
times 10° would require more 
than ten hours produce times 10° molar solu- 
tion. This concentration peroxide would just 
detectable with the titanium sulfate reagent. During 
such extended period, moreover, localized galvanic 
action could develop the cathode and the ferrous 
and ferric ions thus formed would very active 
causing the decomposition any peroxide present. 
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Free 
Vapor 


To Vacuum 
Pump 


CONDENSATION 


TUBE 


Figure 1—-Fe-amalgam mercury cell. 


the other hand much larger current densities 
than this are employed the conditions the iron 
cathode would not duplicate those obtained or- 
dinary corrosion. Furthermore, the higher poten- 
tials necessary secure this greater current density 
any peroxide formed would much more liable 
further reduction. 

more sensitive method peroxide analysis 
which allowed not only the detection but the quanti- 
tative determination peroxide concentrations 
small 10° molar was finally developed and used 
these experiments. The method described the 
authors previous and involved the cata- 
lyzed oxidation iodide ion iodine, with the 
peroxide solution determined, and the estima- 
tion the free iodine measurement its light 
absorption with spectrophotometer. 
order make the rather slow iodide ion-peroxide 
reaction rapidly completion use was made 
the catalytic action molybdic acid discovered 
and employed was found 
that the maximum absorption was shown 3500 
and accordingly this wavelength was selected the 
standard for all analyses performed. Some typical 
calibration data are shown the table below: 


TABLE 
Molarity of H202 I. Log 
Solution: | } 


ELECTROLYTE 
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Figure cathode-oxygen cell, 


Experiments with Iron Cathode 


The apparatus depicted Figure was used 
these experiments. The entire cell vessel, and 
contents, were enclosed the glass cylinder, 
which fit snugly into slot cut the brass support- 
ing base, Oxygen inlets and outlets this other- 
wise closed cylinder were provided shown that 
maintaining atmosphere pure oxygen above 
the electrolyte abundant supply oxygen the 
electrode would assured. 

Inside the cell vessel, was supported glass 
rod frame, square cross section, about which 
the iron wire, was wound. Inside this glass frame 
was contained porous alundum cylinder, closed 
the bottom but open the top. brass cap, 
rested top this cylinder and through this cap 
passed platinum wire, held place the screw 
shown. 

the experiments performed with this apparatus 
the iron wire served cathode while the platinum 


wire constituted the anode. Connections 
electrodes the outside were made through the 
leads, which through snug fitting holes 
through the brass base. 

this way fairly large area cathode surface 
was obtained, and the same time freer access 
oxygen was assured than would have been the cage 


plane surface rather than the wire had been 
the same time the distance all points 


cathode and anode was maintained relatively con- 
stant wire wound about the centrally 
located anode. The porous cup served the purpose 
preventing mixing the cathode and anode 

The respective capacities the cathode and anode 
compartments were thirty and eight cubic centi- 
meters. The cathode electrolyte could drawn 
through the stopcock shown without disturbing the 
anode electrolyte. 

The procedure these experiments was follows, 
The cell vessel, after being thoroughly cleaned 
and washed with distilled water was filled with about 
thirty cubic centimeters the electrolyte em- 
ployed. This was then saturated with oxygen 
slowly bubbling into stream oxygen for about 
one-half hour and then was placed under atmos- 
phere oxygen inside the covering cylinder, 
Figure until used. Meanwhile known length 
known diameter iron wire, the type made for 
analytical standardization, was wound around the 
glass frame, This was then immersed acetone 
with slight agitation for about three minutes and 
then washed thoroughly with distilled water. The 
alundum cylinder, previously cleaned, 
quickly fitted into the glass frame and filled with 
about eight cubic centimeters the electrolyte and 
the whole dropped into the glass cell, The platinum 
wire anode, held was then placed atop the 
alundum cylinder and the leads connected. With 
these volumes cathode and anode electrolyte the 
level cathode liquid made purposely slightly 
higher than the anode level that the hydro 
static pressure thus developed would oppose any 
diffusion into the cathode electrolyte from the anode 
compartment. all experiments small cup about 
the same capacity the cell vessel, and containing 
the same length iron wire, treated the same 
way, was placed inside the apparatus the stand, 
and allowed remain inside during the experiment. 
This was for the purpose determining whether 
there was any blank corrected for 
cathode analysis due any interfering substance 
the oxygen gas, iron, present the result 
ordinary corrosion occuring during the course the 
experiment, dry cell served the source cur 


TABLE 
Electrolyte: Dilute H2SOs, pH = 4.25 


Cathode area: 8.64 cm?” 


Cell temperature: 21 deg. C. 
Time of run: 180 minutes 


Cathode electrolyte volume: 30 cc. 


Percent Percent 
Current Density (amps. /cm?) | Absorption | Yield H20: 
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rent, the current being measured calibrated 


galvanometer. 

series experiments using various electrolytes 
different values was made. Some typical data 
calculated therefrom are tabulated 
Tables II, and IV. 

illustration the method used calculating 

peroxide yield given here: 
(a) Cathode surface area: 
(120 cm.) (3.14) (.022) 8.29 cm? 


(4.35 amps) 
8.29 cm? 


(b) Current density: 


(c) Percent transmission upon analysis: 


(e) molarity cathode electrolyte after run: 
(from standardization data) 


(g) Theoretical moles (4.35) (120) (60) 


(100% current effic.) (2) (96,500) 
16.20 times 


(16.2) (100) 


(16.2) 
10.0% 


(h) Percent theoretical yield: 


with the peroxide analysis ferric ion 
was considered interfering material. 
With certain relatively low current densities, 
for example with current densities less than 10° 
with the neutral electrolyte, was 
found that there was tendency for some iron 
pass into solution. all experiments, however, 
blank was run taking aliquot portion from 
the cathode electrolyte after electrolysis and allow- 
ing this evaporate completely vacuum des- 
sicator. The portion solution taken for this purpose 
was always made slightly acid before evaporation 
insure that any peroxide present would com- 


TABLE 


Cathode area: 8.29 cm? 


Cell temperature: deg. 
Time run: 120 minutes 


Cathode electrolyte volume: cc. 


Current Log Moles Theo. Percent 
Density Abs. Molarity Produced| Moles Yield 
| 
TABLE 


Electrolyte: Dilute NaOH solution, 11.1 


temperature: deg. Cathode area: 8.64 
Cathode electrolyte volume: cc. Time run: 180 minutes 


: Current | Percent) Log of Moles Theo. Percent 
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pletely the form the molecular peroxide. The 
completely dry residue was then redissolved dis- 
tilled water, reagents added, and reading taken 
the spectrophotometer. most cases absorption 
was detected. any case the absorption obtained 
with the blank run this way amounted more 
than percent the reading for the original 
cathode solution the run was discarded. With all 
the runs made the other blank (see page gave 
iron present. This was determined the same 
analytical procedure. 


Summary and Discussion Results 


seen inspection the preceding tables the 
greatest yields peroxide were obtained with the 
alkaline solutions and small current densities. The 
fact that these experiments, well those 
Wieland and Franke, peroxide formation 
served occur alkaline solution, would seem 
indicate that hydrogen ion, such, need not 
involved necessarily the mechanism whereby 
oxygen reduced peroxide. the same 
time quite possible that hydrogen peroxide also 
formed the acid solutions but here more quickly 
reduced further hydroxide ion, and this course 
reacts form water. 

possible explanation the instability hydro- 
gen peroxide the cathode acid, contrast 
alkaline solution, may lie the fact that the 
former case the peroxide would exist almost entirely 
molecular form, whereas the latter case the 
peroxide would exist largely the form peroxyl 
ion. This negatively charged ion would expected 
migrate from the cathode, preventing further re- 
duction, situation that would not develop the 
case the neutral peroxide molecule. This picture 
agreement with the polarographic observations 
Kolthoff and who found two distinct 
reduction potentials for oxygen solution, between 
values and 10, the first corresponding reduc- 
tion peroxide, the second hydroxide ion. 
higher values two reduction steps were not ob- 
served. Using the polarograph Van Rysselberghe 
obtained two step reduction oxygen, the 
first near 0.1 volt form hydrogen peroxide and the 
second near volt form water. 

These results indicate hydrogen peroxide 
intermediate formed oxygen reduction iron 
cathode. would seem, therefore, that any oxygen- 
ferrous corrosion process, where electrochemical 
mechanism involved, hydrogen peroxide rather 
than hydroxide ion should considered the pri- 
mary cathodic reaction product. 

hydrogen peroxide the primary product 
reaction the cathode the potential the corrosion 
cell (i.e., the “driving force” for the process) will 
different than this hydroxide ion. also quite 
possible that, instead all instances being further 
reduced electrolytically hydroxide ion, the hydro- 
gen peroxide initially formed would react further 
with ferrous ion, the latter having formed proxi- 
mate anodic centers. 

Certainly other important implications the per- 
oxide intermediate can postulated, and the further 


q 
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investigation these should throw additional light 
the nature the corrosion process. 
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The National Association Corrosion Engineers will print requests for 


information leading the solution problems the mitigation 


corrosion. Solutions published problems are solicited. 


suggested that persons seeking information about corrosion prob- 


lem give sufficient information make comprehensive answer 


explanation they are welcomed. 
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Figure 10,000-gallon aluminum alloy tank 

for transportation ammonium nitrate 

solutions. (Photo courtesy General American 
Transportation Co.) 


Figure 2—A hopper car for transportation 

sulfur constructed aluminum alloys com- 

bat corrosion encountered this difficult serv- 
ice. (Photo courtesy Missouri Pacific Lines) 


Topic the 


Aluminum Alloys for the Storage 
And Transportation Chemicals 


ATERIALS FROM which much 

equipment for the storage and 
transportation chemicals fabricated 
are required possess unusual com- 
bination properties. addition 
resistance corrosion, may neces- 
sary that they posses non-sparking 
characteristics, and chemical properties 
which are not harmful the product 
from the viewpoint discoloration, con- 
tamination, and catalytic decomposition. 
many cases the materials and their 
compounds must non-toxic. 


Figure 3—A group large aluminum tanks for handling water-white vegetable oils and fatty acids. 


transportation field weight often 
the utmost importance. The fabricator 
such equipment requires that the al- 
loy employed for the fabrication easy 
form, machine and join. remark- 
able degree, aluminum alloys fulfill the 
requirements both the fabricator and 
the user with economics over older ma- 
terials and methods. 


Aluminum alloys are used for the 
fabrication items ranging size from 
shipping drums for the transportation 
many chemicals such nitric acid and 
hydrogen peroxide large storage tanks 
for formaldehyde having storage ca- 
pacity over 311,000 gallons. in- 
stance which color the product was 
one the primary considerations il- 
lustrated Figure which photo- 
graph series aluminum tanks for 
handling water-white vegetable oils and 
fatty acids. Figure large tank 
different type construction used for 
the storage organic chemical. 


Another example where the light 
weight aluminum alloys, addition 
its many other valuable properties, 
afforded economical solution 
difficult transportation problem shown 
the cover this issue. This 
barge which are mounted nine alumi- 
num alloy tanks each which ten 
diameter feet long used 
the transportation acetic anhydride 
over the inland waterways system. Be- 
cause the displacement such barges 
controlled draft limitations, the 
useful load can increased because 
reduction weight resulting from use 
aluminum alloy tanks. The resistance 
corrosion aluminum alloys has 
played large role reducing trans- 
portation costs many chemicals 
tank cars. The aluminum tank car fleet 
American Railroads now num- 
bered the hundreds. partial list 
chemicals handled includes acetic acid, 
acetic anhydride, nitric acid, hydrogen 
peroxide, Sorbitol, glycerine, trichloro- 
benzene, ethyl acetate and formaldehyde. 
tank car for the transportation am- 
monium nitrate solutions. 
greater list chemicals shipped 
aluminum containers enu- 
merated. Aluminum alloys also are used 
for LCL and carload shipment 
cals the solid and semi-solid condition. 
The corrosion problem encountered 
the shipment sulfur hopper cars 
was solved the use aluminum cars 


such the type shown Figure 


* Aluminum Company of America, New 


Kensington, Pa. 


q 
al Protec. 
Figure 4—Another large tank used for storage organic chemical. 
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Petition Filed for Section Los Angeles 


Joint Meeting Baltimore Section and 


North East Region Has Attendance 117 


North East Region’s joint meeting 
with Baltimore Section Hotel Staf- 
ford, Baltimore 117 
from ten states. NACE officials present 
included three national directors, Messrs. 


Lynch; two regional officials, Mssrs. 
Peifer and Donovan anc 
Hamilton, chairman Philadel- 
phia Section and May, chairman 
Metropolitan New York Section. Na- 
tional President Mears was unable 
attend. 

The technical program was sympo- 
sium four papers tide water cor- 
rosion. LaQue International 
Nickel Co., Inc., New York, described 
extensive testing facilities Kure Beach, 
North Carolina, where 25,000 specimens 
are under examination his presenta- 
tion titled “Practical Application Kure 
Exposure Tests Salt Water 
Corrosion Problems.” Among numerous 
examples findings Mr. LaQue’s de- 
scription investigations the corro- 
sive action sea water steel pilings 
was notable. stated was surprising 
find comparatively mild attack the 
tidal zone, with greatest corrosion im- 
mediately above and lesser peak just 
below. Responsibility for this 
tributed oxygen concentration cell 
effects with the spray zone most active 
anodic corroding area affording 
some measure protection other 
zones the piling. 

Consulting Engineers, Baltimore, who 
spoke Practices and Expe- 
riences with the Use Steel Piles 
Waterfront Structures Along the At- 
lantic Seaboard,” told several interest- 
ing experiences with steel pilings along 
the Atlantic Seaboard, inserting humor- 
ous illustrations piling material speci- 
fications which served point out how 
badly additional factual information 
corrosion resistance needed. 

Station, Annapolis, delivering the paper 
“Corrosion Tests Condenser Tube 
loys Sea Water and Severn River 
Water,” prepared him and 
Schreitz the same station, described 
tests, principally with red brass and 
cupro-nickel alloys sea water Kure 
Beach and Severn River water. Great 
importance water velocity corro- 
sion testing being emphasized this 
work, said. Critical velocities are be- 
ing obtained for various systems through 
the use spinning metal discs which 
the radius beyond which corrosion 
curs may observed. 


Corrosion 
News Deadline: 


10th Month 
PRECEDING 


Date Issue 


Metallurgy, National Bureau Stand- 
ards, Washington, C., described sea- 
water immersion tests with various com- 
binations aluminum and magnesium 
aircraft alloys contact with stainless 
steel. The bimetallic specimens were 
joined with anodized 
rivets. The great importance relative 
surface areas (cathodic and anodic areas) 
controlling factor determining 
the rate metal attack was brought 
out clearly. 


New Officers Named for 
Metropolitan Section 


New officers the Metropolitan New 
York Section have been named fol- 
lows: May, International Nickel 
Co., Inc., Wall Street, New York; 
Ebasco Services, Inc., 
Rector Street, New York; and 
LeFebvre, Electro Rust-Proofing Corp. 
(N. J.), Main Street, Belleville, 

Kenneth Tator Kenneth Tator As- 
sociates, Coraopolis, Pa., spoke 
“Organic Linings the Chemical In- 
dustries the November meeting 
Metropolitan Section. His talk covered 
materials, surface preparations, applica- 
tions and testing. 

Sixty-eight members and guests were 
present. 

Friend, International Nickel 
Co., Inc., Y., will speak February 
“Developments the Use Metals 
and Alloys the Chemical and Process 
Industries,” the Building Trades Em- 
ployers’ Association, Park Ave., 
Mr. Friend has been the corrosion 
engineering section the development 
and research department his company 
since 1937. Good attendance expected. 


Formation Los Angeles section 
take over the section activities for 
that locality which have been concurrent 
with the functions the Western 
gion will completed soon. 
Region, dinner meeting November 
Robert Young Auditorium, Los 
Angeles attended members and 
guests voted ask for application 
for new section. David Jones, 
newly elected regional chairman will act 
temporary chairman. 


Officers elected for 1950 were 
Jones, The Pacific Telephone and 
Telegraph Co., North Hollywood, Cal, 
chairman; Whiteneck, Long Beach 
Harbor Department, Long Beach, Cal, 
vice-president and Schilling, 
Southern Counties Gas Co., Bell, Cal, 
secretary-treasurer. 

was reported that Pacific Coast 
mittee No. 1—Corrosion Oil and Gas 
Well Equipment, was process for- 
mation. 

Eighty attended the dinner and about 
ten more came later. 

The technical program consisted 
Corrosion Study Causes Contrib- 
uting Cast Iron Bolt Failure for the 
city San Diego; “Combating 
sion the Long Beach Water System,” 
Kenyon Wells, City Long 
Beach Water Department and 
sion Problems the Bureau Water 
Works and Supply,” Robert Ash- 
line, Los Angeles Department Water 
and Power. 

sion problems followed 
papers. 


Non-Destructive Testing 
San Francisco Bay Topic 


Non-destructive Testing Petroleum 
refineries was the scheduled subject 
talk Glenn Vergne Tide Water 
Associated Oil Co., Avon California Re- 
finery San Francisco Bay Area 
tion dinner meeting December 13. Also 
scheduled for showing was color film 
the Trans-Arabian Pipe line. 
election section officers 
planned. 

Forty-two were present for the Octo- 
ber meeting Curtola Restaurant, 
Oakland when Collins Pacific 
Telephone and Telegraph spoke 
the corrosion lead-sheathed cable. 
covered manufacture and history, 
corrosion encountered, methods 
identifying various types corrosion, 
tests and value tests, and mitigation 
measures. 
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Technical sessions during the after- 
noon and evening and nomination of- 
for the coming year were principal 
items the agenda the Fall meeting 
the South East Region Birming- 
ham, Ala. November 15. Officers nomi- 
nated for the coming year were: 
Yeldell, Southern Natural Gas Co., chair- 
man; Tait, Aloyco Steel Co., vice- 
chairman; and Johnston, American 
Telephone and Telegraph Co., secretary- 


The 1950 Spring meeting date was 
tentatively set for March Atlanta. 


Afternoon Session 


The afternoon program consisted 
one session protective coatings led 


Color Co., Inc., and another stray 
current corrosion led Mitchell, 
Shell Pipe Line Corp. the evening 
session Verink, Aluminum Com- 
pany America, discussed the use 
aluminum the chemical industry. 

Mr. Devoluy presented analysis 
coating failures under the topic types 
failures and their causes, methods 
surface preparation and application. 

Under the general type failure 
discussed loss film strength, excessive 
chalking, general blistering and checking 
and cracking. Surface preparation pro- 
cedures such sand blasting, chipping, 
mechanical cleaners, vacublast, paint re- 
movers, wel! removal any oil 
coatings were analyzed. 

considering application coatings 
the importance using different colors 
for multicoat jobs emphasized. Be- 
cause thinner coats usually are obtained 
inaccessible locations and edges 
well specify more coats get the 
necessary thickness the total coating. 
Dr. Devoluy said specifications re- 
quired definite thickneses rather than 
anumber coats, more uniform coat- 
ing jobs would obtained. The im- 
portance proper equipment, trained 
applicators and trained inspectors was 
emphasized. 

brief discussion primers, red 
lead and zinc chromate were believed 
equal value. The advantages 
the so-called wash primers, which are 
applied before red lead zinc chromate 
were brought out inspection test 
The wash primers are alcohol 
solution resin and phosphoric acid. 
This material dries quickly and makes 
excellent foundation for the regular 
primer and protective coating. Some 
the properties the vinyl paints, such 
alkali and electrical resistance, were 
explained. 

Mr. Devoluy closed his remarks 
Saying the coating system should de- 
signed the time the structure de- 


Stray Current Problems 


Mr. Mitchell’s presentation pro- 
cedure for analyzing and solving stray 
current problems was the following 
Steps: 

Location electric railway power 
station and substation. 

Location trunk system with re- 
structure under consideration. 
Hours operation electric rail- 

Direction and amount current 
structure. 


NACE NEWS 


East Fall Meeting Held Birmingham 


Location adjacent. underground 
structures. 

Methods for determining the direction 
and amount current flow the struc- 
tures were diagrammed and described. 
Along with the survey the under- 
ground structure the need for surveying 
the railway learn type connections 
between rails, condition beds and 
voltage radiant rail was explained. 

The following methods controlling 
stray currents were discussed: 

Improvements railway system. 

Breaking circuit path insu- 
lation. 

Forced drainage. 

Making positive bond between struc- 


ture and negative bus. 


Aluminum for Construction 


Mr. Verink asserted aluminum 
important construction material for serv- 


ices where corrosion resistance neces- 
sary because the following properties: 


Formability. 

Non-toxicity, with such corrosion 
product formed such nature 
not affect the color the product. 

Low specific gravity. 

Non-sparking characteristics. 

Strength alloy form. 

Good electrical and thermal conduc- 
tivity. 

Non-magnetic characteristics. 

Reflective characteristics. 

Slides were shown showing corrosion 
rate curves and structural shapes now 
special interest was the all-aluminum 
oxygen manufacturing plant McCarthy 
Chemical plant, Winnie, Texas and the 
large variety chemical storage and 
transport vessels constructed alumi- 

The functions Alclad surfaces were 
detailed. Curves demonstrating agree- 
ment between exposure tests and actual 
life equipment atmosphere were 
interesting and informative. 

The discussion also included data 
the development aluminum anodes 
and soil pipe. Mr. Verink confined his 
discussion alloys with low copper 
content. 


Philadelphia Section 


Holds Meeting December 


Officers were elected for 1950 the 
Philadelphia Section dinner meeting 
December the Engineers’ Club, 
Philadelphia. Fifty-six members and 
guests were present for the dinner. The 
new officers are: Robert Pierce, Penn- 
sylvania Salt Manufacturing Co., chair- 
man; McConomy, Atlantic Refin- 
ing Co., vice-chairman and Ernest 
Wyche, Lukens Steel Co., secretary- 
treasurer. 

The names the officers had been 
placed nomination the nomi- 
nation committee and when there were 
nominations from the floor, the sec- 
retary was instructed record unani- 
mous vote for the officers. 

Seventy-six were present for in- 
formal discussion the following 
topics: Natural and Synthetic Rubber 


Handling Corrosives, Application 
Aluminum Heat Exchanger Tubes 
Corrosive Services and Poly- 
tetrafluorethylene finishes. 


Salt Lake Section 
Nominate New Officers 


“High Temperature Oxidation 


Manganese and Magnesium Alloys” 
the scheduled topic discussion for the 
December meeting Salt Lake City 
Section the auditorium the Utah 
Power Light Co. Also scheduled 
draft copy the by-laws 
lations for the section, which held its 
organization meeting October the 
Newhouse Hotel. 

the organization meeting Dr. 
George the University Utah 
presented paper the subject 
water Corrosion Copper.” Harry 
Brough, temporary officer named this 
meeting reported officers for the year 
will nominated the January meet- 
ing, take office the first meeting 
February. 


magazine seeks for publica- 
tion notices meetings 
other than NACE which conduct cor- 
rosion investigations and research work. 
Members who know such activities 
not reported are asked 
notify Central Office steps may 
taken publish the information. 


LAPEL PINS 


Approximately 7/16 inches high, 
gold, inlaid with bright red 
enamel background “NACE” 
and deep blue enamel back- 


ground words “CORROSION 
CONTROL.” Ruby center. 


For Association Members Only 


Address Orders 
Campbell, Executive Secretary 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


919 Milam Houston Texas 


| 
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Greater St. Louis Section Hears Scheil 
Dinner Meeting Attended Eighty 


spoke some members and 
guests the November meeting 
Greater St. Louis Section dinner 
meeting held Garavelli’s Victoria Tea 
Room. Mr. Scheil’s Topic was “Effects 
Carbon, Columbium and Molybde- 
num the 18-8 Austentitic Stainless 
Steels.” 

Mr. Scheil’s presentation was the ini- 
tial release recently developed data 
the effect alloying elements the 
corrosion resistance the more fre- 
quently used stainless steels. 


Wm. Gross, secretary the sec- 
tion, reported this the largest 
meeting held the section, with nearly 
present and high interest shown 
the paper and the association. 

place Vande Bogart, who 
ill and unable present the program 
scheduled December 19, George Mc- 
Comb Standard Pipeprotection, Inc., 
will discuss protective coatings and 
their application and show color mo- 
tion picture construction the “Big 
Inch” pipe line. 


LAND! 


Pipe lines, Tank Bottoms, 
Gathering Systems, Gas 
Water Distribution systems 


heads 


The MATERIALS 


CPS handles only first line materials. Dowell Magnesium Anodes—highly de- 
veloped through years research and backed exact performance data. 
General Electric Rectifiers—the only real advance rectifier design years. 
Stacks only oil immersed cans provide for low initial cost and easy mainte- 
nance. Maloney Insulating Pipe and Cable Finders— 
Cadweld Welding Supplies—Rubicon Potentiometers—Soil Resistivity Appa- 
ratus—Holloway Instruments. 


The 


Over eighty years combined experience seven corrosion engineers your 
service help you apply CPS materials and obtain desired results economi- 
cally—serving you advisory capacity sales engineers design 


engineers. 


The FACILITIES 


Powered earth augers mounted rugged mobile equipment, wire and cable 
plows, shop prefabrication facilities your service make for.fast and econom- 
ical installation for first line materials accordance with best design and engi- 


neering practice. 


CATHODIC PROTECTION SERVICE 


Everything in the Cathodic Protection Field from an 
Insulating Washer to a Turnkey Contract Installation 


HOUSTON, TEXAS 


1801 Bissonnet 
Phone JA-5171 


SEA! 
Offshore Drilling Plat- 
forms, Offshore Pipe Lines, Heads 
Wharves, Piers, Ships, 
Barges, Drydocks, Well- 


complete sales, engineering and instal- 
CPS lation service. 


THE 
Water Tanks, Condenser 


TULSA, OKLAHOMA 


310 Thompson Bldg. 
Phone 2-9857 


Chicago Section 


Co., Pittsburgh, Pa., president 
will address the Chicago Section 
“Passivity and Inhibition.” 

Chairman Pat Casey, Jr., also 
the Electrochemical Society December? 
which Robert Flournoy Corn 
ucts Refining Company spoke 
rosion Tests and Experience 
Refining.” 


Houston Holds Second 
Cathodic Protection Panel 


Practical aspects cathodic 
tion was the subject 
program the December meeting 
Houston Section. Doremus 
Cathodic Protection Service, 
moderated the discussion. This 
was the second two cathodic 
tection, the first, directed Lyle 
pard Shell Pipe Line Corp., having 
with theoretical aspects. 

Mr. Doremus outlined briefly 
history and fundamentals 
protection, touched the 
rectifiers plus ground beds 
and defined requirements each system 
Design factors were discussed, especially 
the economics less than 


PAINTING 


FOR INDUSTRY 
Specializing the Utility 
and Industrial Fields 


SERVING THE NORTHEAST REGION 


Devoted the proper preparation 
surfaces and the application 
anti-corrosive material. 


Inquiries Invited 


WILLIAM PITTMAN 


210 MAIN STREET, HACKENSACK, N. Li 
HAckensack 3-5185 


N.A.C.E. Member 


January, 
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tection and the comparative values 
spot” and overall protection. 
Mitchell Shell Pipe Line 


NACE 
also 

held 
Corn 


Panel 


panel-type 
meeting 
oremus 
hodic 
Shap- 
having 


cathodic 


anode 


system 
percent 


tion 


f 


Corp., next speaker devoted his remarks 
installation and maintenance prob- 
Types equipment, typical dif- 
ficulties encountered, the necessity for 
continuous maintenance and systematic 


inspection were explained. Mr. Mitchell 


pointed the clogging air-cooled 


rectifiers, breakage lead wires, back- 
fll shrinkage, shorting insulating 
flanges and sealing off anodes 
few examples maintenance problems. 
Education was credited with impor- 
tant place the maintenance program. 
Pipe line crews also should educated 
the need and function the systems 
and notified all equipment dispo- 
sitions. 

Oliver Osborn Dow Chemical Co., 
Freeport, concluded the panel remarks 
with discussion problems process 
equipment handling the Dow plant. 
Types anodes available and_ typical 
uses the Dow plant were given, il- 
lustrated with colored slides. 

Highly corrosive conditions flumes, 
filters and tanks were combated with 
magnesium anodes. Cost the protec- 
tion program was given well esti- 
mates the cost replacing equip- 
ment. Instances substantial savings 
from the installation anodes were 
given. 

new protection for barges was il- 
lustrated. This involves bolting anodes 
directly the hull below the water line 


about two-foot intervals. conclu- 


sions are available the value 
the installation because still the 
experimental stage. 


NACE NEWS 


More Titles 1950 Conference Papers Are 
Listed for Two Symposia Chairmen 


new title and two revised titles 
papers presented during the 1950 
NACE Conference St. Louis April 
4-7 have been given Robert Kuhn, 
chairman the Cathodic Protection 
Symposium follows: 

New paper not reported before: 
Study Metals for Use Permanent 
Anodes Water Tank Cathodic Pro- 
tection Systems,” Kimmel, 
Assistant Professor, College Engi- 
neering, Department Chemical Engi- 
neeering, University Florida, Gaines- 
ville, Fla. 

Revised titles for two papers: “Cath- 
odic Protection Active Ship Sea 
Water,” Christie, Naval Re- 
search Establishment, H.M.C.S. “Stada- 
cona” Halifax, Nova Scotia. “The Per- 
formance Magnesium Anodes Under 
Service Conditions,” Robinson, 
Assistant Director Laboratory, Develop- 
ment Division, Magnesium Laboratories, 
The Dow Chemical Co., Midland, Mich. 


Food Industries Symposium 


Following list papers tentatively 
scheduled for the Food Industries Sym- 
posium during the 1950 Conference 
given Curtis Maier, chairman: 

“Corrosion Resistant Equipment for 
the Corn Refining Industry,” 
Flournoy, Engineer, Corn Products Re- 
fining Co., Development Engineering 
Dept., Argo, 

“Metals Used the Dairy Industry,” 


President, The Creamery Package Manu- 
facturing Co., Chicago, 

“Some Aspects the Corrosion 
Tin Plate Prunes,” Vaurio, 
Research Chemist, Steel 
Corp., Pittsburgh, Pa. 


Nine booths remain unallocated 
December the exhibit space the 
Jefferson Hotel, St. Louis, where the 
1950 NACE Conference Exhibition 
will held April 4-7. Fifty-two com- 
panies have reserved booths. 

All 1950 Conference exhibitors have 
been asked submit news story about 
their displays for publication the pre- 
Informative articles about the exhibits 
are expected factor increasing 
interest and attendance the conference. 

The following list exhibitors ad- 
ditive the two published the No- 
vember and December, 1949 issues: 

The International Nickel Co., 
New York, 

Minnesota Mining Manufacturing 
Co., St. Paul, Minn. 

The Natasco Co., Tulsa, Okla. 

The National Lead Co. (Metals Di- 
vision), New York, 

Pipeline Maintenance Corp., Tulsa, 
Okla. 

The Ruberoid Co., New York, 


Inc., 


the slightest corrosion 


ATLAS HAS SERVED INDUSTRY 
FOR OVER FIFTY YEARS. 


Records indicate that the slightest corrosion costs much 
more time lost for repairs, the actual costs repairs, 
and idle equipment time, than the slight cost Atlas 
Protective Coatings. There Atlas Protective Coat- 
ing for every requirement. Let Atlas Technical Service 
solve your corrosion problems. 


Write Walnut Street, Mertztown, Penna., 
for Bulletin 7-1 and get the facts. 
surprised learn how little costs for complete 
protection. Canada, Blachford, Limited, 
977 Aquaduct Street, Montreal. 


PRODUCTS COMPANY 
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Protective Coatings 
Tulsa Topic 


Tulsa Section heard Jack Barrett, 
Stanolind Oil and Gas Co., Tulsa, Okla., 
speak “Painting and Corrosion Prob- 
lems Gasoline Plant Operations,” 
Monday, December 12, its regular 
monthly meeting. The section making 
plans for short course corrosion 
held during February, probably 
three consecutive days. Full information 
the proposed short course sched- 
uled published the February 
issue CORROSION. 


Mr. Barrett gave summary the 
principal means whereby corrosion 


Booklets 


CHROMATES 


prevented, mentioning alloys, chemical 
inhibitors, electrical systems and protec- 
tive coatings. 


Coating Systems Outlined 


Coatings are divided into two classes, 
metallic and organic and the purpose 
both interpose barrier between 
the metal and its environment, said. 

Organic coatings several types are 
available, with growing interest and use 
forecast for plastic and bitumens, which 
are used most for corrosion prevention. 


Principal consideration the choice 
coating, Mr. Barrett said, the ex- 
posure condition. Basic properties 
resins used also should con- 
sidered. Other considerations im- 
portance include type and size equip- 
ment protected; (If the installa- 


Mutual Chemical Company has available wide list pam- 
phlets describing applications which chromates have been 
used effectively various industries. Listed below are four 
the newest booklets which are available without obligation. 


Engines.” 


Industries.” 


MUTUAL CHEMICAL CO. AMERICA 
270 Madison Ave., New York 16, 


Please send free copy the pamphlets checked below: 


Serial No. Corrosion Inhibitors for Internal Combustion 


Serial No. Inhibitors Recirculating Water 
Serial No. Inhibition with Chromate the Oil and Gas 


Chromium Compounds.” 


Serial No. Properties Technically Important Hexavalant 


tion.) environment and temperatures, 


Laboratory Testing 


Mr. Barrett also outlined 
laboratory tests for coatings. These jp. 
cluded moisture vapor transmission, 
hesion, abrasion, flexibility, resistance 
chemical agents, salt fog test, 
posure. 

The value laboratory testing 
determining the properties 
and not duplicating exactly field cop. 
ditions, said. 

The physical application coating 
large extent the major factor 
the success the job, believes. 

Next meeting the section has 
scheduled for the fourth Monday 
January, the 23rd. 


Corpus Christi Section scheduled 
talk Heye, Efficiency and 
“Treating Cooling Tower Waters 
Combat Corrosion,” its November 
meeting the Princess Louise Hotel. 

North East Region’s board trustees 
announced the following for 
meeting December Hotel Stafford, 
Baltimore: Results election regional 
officers; proposals for stimulating section 
activity New England-Boston area; 
Western Y.-Buffalo area; report 
Dallas Regional Management 
tee meeting Dallas, Oct. report 
from section trustees 
tion officers for calendar year, 
financial reports from section chairmen 
and proposed plans for North East 
tivities, 1950. 


NACE CALENDAR 


METROPOLITAN 
February Building Trades Employ- 
ers’ Association, Park Ave., 
“Developments the Use Metals 
and Alloys the Process Industries,’ 


GREATER ST. LOUIS SECTION- 
Next meeting January 16. Scheduled 
program “Some Aspects the Design 
and Fabrication Equipment fot 


Sons, Boston, Mass. 


CLEVELAND SECTION February 
meeting scheduled program Ef- 
Illinois Steel Corp. 


meeting day second Thursday 
monthly. 


TULSA SECTION—Next meeting 
January 23. 


HOUSTON SECTION January 


“Vinyl Coatings,” Mr. Pitzer. 
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NEW AND IMPROVED 


CATHODIC PROTECTION EQUIPMENT 


Designed Especially for the Corrosion Industry 


Thermo Electric Generator 


NEW DEVELOPMENT! Electric current gen- 
erated the use gas from gas transmission 
lines. Designed give long life and mainte- 
nance-free service. The Thermo Electric Genera- 
tor develops watts constant, continuous 
current low cost operation. the use sim- 
ple tap adjustments various combinations 
amperage and voltage outputs can obtained. 


Electrolysis Switch 


. 


For use pipe lines other underground 
structures for controlling stray currents. new 
design that has been tried and proven under the 
most exacting conditions. Operates continuously 
intermittently according demand. Engi- 
neered for long life and low maintenance. 


Selenium Rectifiers 
Rugged construction incorporating the newest 
developments selenium high-voltage rectifier 
stacks. Higher efficiency, lower operating costs 
and dependable continuous service are featured 

these new rectifiers. Manufactured either 

oil immersed air cooled models. Uncondi- 
ionally guaranteed. Four weeks delivery. 


COMPLETE LINE PESCO INSULATING COUPLINGS, FLANGES POLYKEN CORROSION PROTECTION WRAP 


WRITE FOR DESCRIPTIVE CATALOGS 
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Substantial Gains Made 
Material Published 


Substantial gains have been made 
the quantity technical material pub- 
lished magazine 1949 
over 1948 and the number authors 
supplying such material. 
the area increase resulting 
changeover from 9-inch size the 
11%-inch size, can attributed 
mechanical considerations resulting 
from the wider column size. quanti- 
tative comparison the technical ma- 
terial Volume with that Vol- 
ume follows: 


Total Pages Published 

About 450 pages technical material 
was published during 1949. Each 
these pages almost exactly twice the 
area those published 1948. Trans- 
lating this into pages size equivalent 
those 1948: Published 1949—900 
pages. Published 1948—625 pages. 
Increase—44 percent. 


Total Titles Published 


During 1949 titles were listed. (Of 
this number three were anonymous 
authors and were “Topic the 
Month” features.) Published 1948— 
titles. Increase—46 percent. 


Total Authors Represented 


During 1949 117 authors are named 
and three articles were anonymous 


PETROLEUM 


ENGINEERS 


authors, making total 120, 
1948 there were indexed 
Increase—93 percent. 

These lists titles not 
features such “Technical 
“Technical 
Reports” nor the two “Bulletins the 
Correlating Committee 
Protection.” 


Questions and answers for this heading should 
be submitted in duplicate if possible, ad | 
dressed to “CORROSION PROBLEMS”, No | 
tional Association of Corrosion Engineers, 919 
Milam Building, Houston 2, Texas. Questions 
received at the address above above will be 
sent to E. A. Tice, The International Nickel | 


Co., Inc., N. Y., who is acting editor of the 
page. All questions will become property of 
NACE, Questions and replies may or may not 
be published under this heading and may be 
answered either by mail directly to the person 
asking the information, published under 
this heading, or both, at the discretion of the 
editorial staff. Answers to published questions 
are solicited, Authors of questions will re- 
main anonymous to readers, while authors of 
answers may remain anonymous if they request 
it. 


QUESTIONS 


No. 30-—Most paint specifications and 
directions for application 
the surface structural steel 
scale, dirt, moisture, prior 
paint application. 

How much these 
tions safe paint over, since 
all? 
What are the best practical 
cleaning methods? 

No. 31—At fueling station for diesel 
locomotives, the fuel oil piped 
from 20,000 gallon storage tank 
through 1800 feet diam. 
pipe the locomotive. Rust 
this line breaks loose and 
ried into the fuel tanks the 
locomotive where causes trouble 
clogging filters. The oil 
mains the line for average 
four eight hours. 


there method which can 
used prevent corrosion the 
line, which will not have 
adverse effect the fuel? 


material which can 
place steel for this pipe line 


No. 32—We are endeavoring 
paint system which will give 
reasonable life (three 
terior steel tanks 
with 12% caustic 
and chlorine fumes. The 
ture the tanks may vary 
tween 180 and 250° 

have tried red oxide 
zinc chromate primers and 
types top coats, such 
base paint, but these paints 
weeks. 

there satisfactory paint 

tem available which can 

the field? 


our repainting procedure 


January, 
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PERMANENCE 
TESTED METHODS Application 


For the past years SOMASTIC CoaTING 
has been applied pipe standard practices which 
only now are being adopted generally the pipe 
coating industry. Time has proved them most effec- 


tive. These methods are— 

neers, 

d may be 

th: 

questions 


request 


and 


tinuous process special SOMASTIC equip- 


prior 


ment form dense, compact, uniform and 


practical 
The general swing methods pioneered 
or diese | 


piped SOMASTIC Pipe Coating another acknowledgment 
tank fact first shown the API-Bureau Standards 


Rust Ten Year Pipe Coating Tests...and since proved 


trouble 
oil 
average 


pipe line’ 

the Unequaled for PERMANENT PROTECTION 
vary 


MANUFACTURED 


no 
PRICE CO. BECHTEL CORPORATION 
Somastic Division SAN FRANCISCO and WILMINGTON 
paint BARTLESVILLE, OKLAHOMA CALIFORNIA 
the States East the Rocky Mountains the Western States and Foreign Countries 


Committe: 

Nay 


surface cleaned with paint re- 
mover. During the hours which 
elapses between cleaning and re- 
painting, some corrosion the 
steel occurs. Can suggestion 
ing this corrosion? 


No. 33—(a) Can cathodic protection 
used long distance water lines 
prevent internal corrosion? 

(b) oxygen the only cause 
corrosion long distance water 
pipe lines, when the the 
water between 7.5 and 

No. 34—What proportions Bentonite, 
Gypsum, and sodium sulfate 
should used backfill for 
magnesium anodes? What should 
the specifications each in- 
gredient chemical analysis 
and grain coarseness give the 
best results? 

No. 35—What factors might cause cor- 
rosion Type 347 stainless steel 
85% nitric acid 15% sulfuric 
acid mixture which 
chloride and ferric ions? 

No. 36—Can zinc anodes effectively 
used control corrosion and scale 
formation cooling tower con- 
denser tubes? not, the use 
zinc hydrosulphide effective? 
What minimum concentration 
satisfactory, and what the theory 
involved? 


You Have 


CORROSION 
PROBLEM? 
you you are invited 


submit the editor this 
section for answer persons 
who have met problems similar 
yours and have found solu- 
tions. 


Technical Papers Sought 
Porcelain Enameling 


Best papers the technology related 
porcelain enameling metal will 
given awards contest open grad- 
uate and undergraduate students 
United States and Canadian ceramic 
and ceramic engineering schools. First 
award will $500; second $300; third 
$100; fourth and fifth $50 each. The con- 
test closes midnight March 15, 1950, and 
prizes will announced the 52nd 
annual meeting the American Cera- 
mic Society, New York, April 24, 1950. 

The contest sponsored the Cen- 
tral Research Division Ferro Enamel 
Corp., Cleveland, Ohio. Judges are 
Charles Pearce, secretary American 
Ceramic Society; Edward Mackasek, 
Porcelain Enamel Institute and Dr. 
McIntyre, Ferro Enamel Corp. 

Rules governing the contest may 
secured from the Ferro Enamel Corp., 
4150 East 56th St., Cleveland Ohio. 
Papers submitted should addressed 
Dr. McIntyre that address. 


ASSOCIATION 


Title Page for Volume 
January Issue 


response the request several 
librarians who have been binding the 
technical sections magazine 
issues annually into single volume, this 
issue the publication will include 
title page which will include the name 
the publication, the volume number 
and other pertinent information. This 
page will unnumbered may 
detached and placed the beginning 
Volume when the time comes 
bind it. may found following the 
annual directory. 

Several other recommendations li- 
brarians with respect the mechanical 
organization the magazine have been 
considered, and some have been adopted, 
especially with reference the annual 
index which appeared the December, 
1949, issue for Volume Other sug- 
gestions, however, could not adopted 
this time, although they are being 
kept under consideration. 


Gas Turbine and Jet 
Bibliography Published 


bibliography books and published 
reports gas turbines, jet propulsion 
and rocket power plants, including sec- 
tions aerodynamics, machining, weld- 
ing, ceramic materials covering data 
published since 1940 available from 
Government Printing Office, Washing- 
and has pages. designated 
Circular 482. 

News material intended for publication 
CORROSION magazine must Cen- 
tral Office before the tenth the 
month preceding date issue. Skeleton- 
ized telegraphic communications are wel- 
comed. The magazine goes press 
the 15th preceding date issue and 
changes can made after that date. 


LINETITE 


VINYL-CLAD 


VINYL-CLAD SYSTEM 


VINYL-CLAD Hi-Resist Black 


914 South Wabash Avenue 


CORROSION 


PROTECTIVE COATINGS 


BASED COPOLYMER VINYL RESINS 


For specific heavy duty applications. 
For general maintenance exterior interior surfaces. 


Involves primer seal off surfaces which cannot prepared 
conventional cleaning methods. 


Chemically inert and high abrasion qualities. 


Descriptive literature and samples available above products. 


PLASTIC LINING CORPORATION 


PROTECTIVE PLASTIC COATINGS 


World’s Pioneer Vinyl Industrial Protective Coatings 


ENGINEERS 


Tables Thermal 
Gases Are Compiled 


Sixteen tables thermal data 
gases, emphasizing their important prop. 
erties relation wind-tunnels and 
vestigated are dry air, moist air, steam 
hydrogen, oxygen, nitrogen, carbon 
oxide, nitrogen dioxide, nitric 
functions both temperature and 
sure are heat capacity constant pres- 
sure, enthalpy (total heat), entropy, 
Gibbs free energy, compressibility 
tor, density, ratio specific heats, 
locity sound, relaxation 
viscosity, thermal conductivity, 
number and vapor pressure. The data 
will cover range from low pressure 
100 atmospheres and from very loy 
temperatures 3000° 


Three tables now are available for 
general distribution. Correspondence 
garding the tables should addressed 
Joseph Hilsenrath, Heat and Power 
Div., National Bureau Standards, 


BOOK REVIEWS 


THE STORY MAGNESIUM 


pages. 100 illus. ASM, 7301 
Ave., Cleveland, Ohio. $2.00. 

book which will enable the practical 
man industry without professional 
technical training understand the 
fabrication, machining, 
finishing, riveting and welding. 


Chicago Illinois 
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gamble with methods 

pipe-line protection when Koppers Bit- 
umastic® Enamels offer you the longest-lived 
corrosion prevention you can obtain. 

The base Koppers Bitumastic Enamels 
highly-refined coal-tar pitch, substance that 
has demonstrated its resistance water and 
chemical action for more than 100 years. Special 
processing Koppers adds this coal-tar pitch 
base the characteristics plasticity, widened 
temperature susceptibility ranges and increased 
resistance soil distortion. 


REG. U.S. PAT. OFF. 


NACE NEWS 


PIPE-LINE PROTECTION 


PROVED 


Since the first Koppers Bitumastic Enamels 
for pipe lines were introduced more than 
years ago, Koppers has set the pace new de- 
velopments pipe-line protection. Records 
and more years service are evidence that 
Koppers Bitumastic Enamels are the best pro- 
tection you can buy. And the cost exception- 
ally low. 

Koppers sales engineers will give you com- 
plete details and estimates this permanent 
pipe-line protection. Contact your Koppers rep- 
resentative today. 


COMPANY, INC., Tar Products Division, Dept. Pittsburgh 19, Pa. 


CORROSION 


Photostat, Microfilm Technical Service Offered 


Photostats and microfilm copying 
from the extensive technical reference 
section the Engineering Societies 
Library, department the United 
Engineering Trustees, West 39th 


New York 18, Y., available 
service basis the public. The library 
sive Service” whereby signed agree- 
ment for year offers sell engi- 


3523 Lamar Ave.—P. Box 14, MEMPHIS TENNESSEE 


Complete Service for Elevated 


Water Tanks— 
NATION WIDE SERVICE— 


Years Experience 


KEEP THE SAFETY FACTOR 
YOUR TANK THE DIXIE WAY 


welding seams, pits and rivets which gives riveted tank 


15% more Safety Factor than had when built, rivets 
the Silent Watchman removed, water supply maintained while work progress. 


completely re-conditioned jobs, the painting guaranteed for five years, repairs guaranteed 
for ten years, provided the tank painted every five years, Yearly inspection, making all ad- 


justments, any, without additional cost. 


Write for Free Copy Publication 
SOUND PRINCIPLES WATER MAINTENANCE and TANK TALK 
by W. A. Riley 
—SAFETY—SERVICE—SATISFACTION— 
Copyright 1949 
THE LARGEST ORGANIZATION OF ITS KIND GIVING SAFE MAINTENANCE AT LOW COST 


omplete 


your corrosion problems. 


sion prevention products 
service. 


KOPPERS 


Hot Applied Pipe Line Coatings 
Manufactured at: Houston, Texas 
Woodward, Ala.; East St, Louis, Ill.; 
Chicago, Follansbee, West Va.; 
Garwood, N. J. 


Cold Applied Coatings 
Stocked at Houston for immediate 
shipment 


KELLY 


addition outstanding corrosion preven- 
tion JAMES MAVOR plus the advantage our suppliers’ 
PANY offers you the services and facilities 
experienced organization for the solution 


Men who have spent years corrosion re- 
search and the development corro- 


Sales and Service 


With adequate stocks maintained Hous- 


quantities. 


Asbestos Pipe Line Felt 


Direct from factory shipment 
Also stocked at Houston for 
immediate delivery 


JAMES MAVOR COMPANY 


BOB LINGLE 


HOUSTON TEXAS 


strategically located manufacturing plants 
can make prompt shipment any 


Our traffic department “follows-thru” 
are your all shipments 
the materials are applied. 


our job does not end until 


BOB WIGGINS 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


neers for their personal use, 


technical articles available 
the United States for flat rate 


per article, provided the article 


over pages. For longer articles 


additional charge $2.50 for each 
pages fraction thereof made. “Lim. 


any technical article available 
brary itself for cents print, 
minimum charge $1.00 per 


Reduced rates for services 


available members founder 
ASCE, AIMME, ASME 


searches and translations. 


Houston Corrosion 
Course Content Given 


Content the University Houston 
follows John Roberts, associate 


Three hours lecture for one semester 
the senior level for all qualified 


neering students. There laboratory 


work. Topics considered are: Film 
growth, electrochemical corrosion, 
sion acids and alkalis, influence 
environment, effect stress, strain and 
structure; prevention corrosion 
soluble inhibitors and protective cover- 
ings; statistical and mathematical treat- 

Field trips local industries are 
scheduled students may see first-hand 
how varied corrosion problems are met, 


TRADE MARK REG 


Protective Coatings for 
Pipe Joints 


Stocked at Houston for immediate 
shipment 
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< ‘ DISTRIBUTED EXCLUSIVELY BY 
PERRAULT 


TULSA OKLA. 


Actual enlarged photograph Glasfloss Pipe 


Wrap showing uniformity and continuity the 


glass fibers. 


mat. 


gives maximum porosity. 


from our Tulsa warehouse, from factory Hicksville, Y., 400 
foot rolls widths 4”, 6”, 18” and 800 foot rolls 


widths 9”, 12”, and 18”. 


Continuous glass fibers running full width 


Long glass fibers arranged pattern that 


ASSOCIATION CORROSION 


ENGINEERS 


Corrosion Abstract Indexing Headings Are Changed 


Effective with this issue the system 
under which abstracts will published 
will the same that 
designed for indexing the annual vol- 
umes corrosion abstracts 
master punch card abstract file sched- 
uled set Central Office 
NACE. The index, major subdivisions 
which are given below, the result 
more than two years’ work the 
NACE Abstract Committee, now headed 
Miss Marguerite Bebbingt on, and 
Dr. Ivy Parker, editor Corrosion, and 
the members the committee, all 
whom have given valuable assistance 
the effort compile index which 
would meet the needs the abstracting 
system for years come. 

The new system differs radically from 
that used since its incep- 
tion 1945. The philosophy differ- 
ent there appears ready method 
whereby the classifications used hereto- 
fore can related directly for reference 
purposes the new method. any 
case the necessity for using the old 
classifications will disappear when the 
1946-7-8 abstracts are published. 

Following the list main and first 
sub-headings the NACE Abstract 
Filing System, July, 1949, Revision. 
Numbers and headings may may not 
changed the final form the 
index. 


GENERAL 


Miscellaneous 
Importance 


Reviews 

Bibliographies 

Directories 

Books 

Organized Studies Corrosion 
Fundamentals 


TESTING 

General 

Location Tests 
Laboratory Methods 
Instrumentation 
Standardizations and Specifi- 
cations 


CORROSION TYPES AND 
INFLUENCING FACTORS 


General 

Types 

Factors Biological 

Factors Chemical 

Factors Physical and Mechanical 
Factors Electrochemical 

Factors Metallurgical 


CORROSIVE ENVIRONMENTS 
General 

Atmospheric 

Chemicals Inorganic 

Chemicals Organic 

Soil 

Water 

Molten Metals 


PREVENTIVE MEASURES 
General 

Cathodic Protection 
Metallic Coatings 


MANUFACTURING 


Non-Metallic Coatings 
Oil and Grease Coatings 
Packaging 
Treatment Medium 
Inhibitors 
Surface Treatment 
10. Miscellaneous 
MATERIALS CONSTRUC. 
Ferrous Metals 
Non-Ferrous Metals 
Non-Metallic 
Duplex Materials 


EQUIPMENT 

Engines 

Valves and Pipes 

Pumps and Compressors 
Coils and Heat Exchangers 
Containers 

Structural Shapes 

Specifications 

Miscellaneous 


INDUST 
Group 
Group 
Group III 
Group 
Group 
Group 
Group VII 
Group VIII 
Group 

10. Group 

(Note: Under Section 
been outlined tentatively.) 
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CORROSION 


From the 
Daily Newspapers 


TEXTILE CHEMISTS’ CORROSION 
SURVEY RESULTS REPORTED 
(From the DAILY NEWS RECORD, 

C., Dec. 1949) 

Results survey corrosion diffi- 
culties with stainless steel equipment 
among members the American Asso- 
ciation Textile Chemists Colorists 
brought recommendation that dyers 
and finishers cooperate more fully with 
equipment suppliers avoid corrosion 
difficulties. 

survey corrosion stainless steel 
equipment initiated Robert Bonnar, 
General Dyestuff Corp., chairman the 
association’s general research committee 
indicated complaints were 
spread serious. 

Some the conclusions derived from 
the survey were follows: 

Substitution different alloys dur- 
ing wartime shortages was the cause 
some breakdowns. 

Wet processors failed give manu- 
facturers sufficient information to en- 
able them recommend 
alloy. 

Electrolytic action can 
much trouble chemical. 

Chemical operations producing the 
greatest damage were those involving 
strong oxidizing or reducing agents. 

Chemicals which set secondary 

reactions, such sulfoxalate form- 
aldehyde, hydrogen chloride, hypochlor- 
ites and sulfides also caused difficulty. 

Sulfuric acid high-temperature 
water also caused trouble. 

Metallized colors caused pitting and 
corrosion stainless steel kettles. 
believed the 4.5 percent acid 
the dyebath was responsible. 

Properly engineered stainless steel 
years. 

Molybdenum-containing steels have 
somewhat better resistance deterioria- 
tion than the regular stainless alloys. 
Alloys with percent molybdenum, 
with nickel and chromium, not more than 
0.12 carbon and finished with No. 
polish have proved satisfactory for most 


cause as 


10. Seams, joints and bearing plates 
are spots where troubles are most likely 
occur. Pitting, erosion and corrosion 
and seam breakage are principal types 
breakdown. These may avoided 
chromate treatment) normalizing and 
butt welding. 


AKRON WILL USE INHIBITOR 

SNOW-MELTING SALT 

(From Akron, Ohio, BEACON-JOUR- 
NAL, Nov. 24, 1949) 


Banox, plus green dye (because 
Was desired motorists “know that rust 
inhibitor was being added”) will 
added the salt spread Akron, 

hio, streets this winter reduce the 
automobile underparts. Last 
year sodium chromates were added 
the salt part the time and Banox the 


NACE NEWS 


remainder. The dye was added with the 
Banox because the latter colorless. 

The article states that damage auto- 
mobiles salt Akron during war 
years was $6,000,000. Garages reported 
repairs car fenders made necessary 
salt decreased tremendously during 
the past two years. 


MAGNESIUM USED REDUCE 

SHIP CORROSION CANADA 

(From Dayton, Ohio, NEWS and Cin- 
cinnati, Ohio, POST, Nov. 24; Akron, 

Ohio, BEACON-JOURNAL, Nov. 23, 

1949) 

method preventing corrosion 
ships’ hulls “strapping strips mag- 
nesium” the sides ships, thus pre- 
venting “the flow ions from the iron 
the plates the vessels” reported 
United Press and Associated Press 


news dispatches. Credited with the dis- 
covery Kenneth Barnard, 38, who with 
team scientists the Canadian 
Naval research establishment conducted 
experiments substituting magnesium for 
the zinc which previous experiments in- 
dicated was unsatisfactory. Drydocking 
ships once three four years instead 
yearly was reported one the 
many advantages using the protective 
system. 


LaQUE’S TALK ANNOUNCED 
(From AMERICAN METAL MAR- 

KET, New York City, Dec. 1949) 

The talk LaQue entitled 
“Practical Applications Kure Beach 
Exposure Tests,” before the Baltimore 
Section NACE December an- 
nounced. 


ACIPCO PIPE 


CORROSION 


Mono-Cast Centrifugal Cast Pipe 
High resistance Soil Corrosion 


Used extensively for: 


Mono-Cast Alloy Iron 


Centrifugally Cast 
Steel Tubes 


WATER LINES 

GAS LINES 

SEWER LINES 

OIL LINES 

FOAMITE LINES, ETC. 


CONDENSER COILS 
SPECIAL SERVICE 


PLAIN CARBON 
HIGH ALLOY, including 
18/8 25/20 CHROME-NICKEL 


American 
AST IRON PIPE 
Company 


BIRMINGHAM ALABAMA 


| 


PERSONALS 


John Nee has been named 
president and technical director the 
Briner Paint Manufacturing Co. 
pus Christi, Texas. James Hammock 
was named vice president for sales. 


Caple has been named 
nator branch office activities for the 
magnesium sales department 
Chemical Co. will work out 
land, Mich. 


Omar Greene has been named New 
England sales manager for Carpenter 
Steel Co. with headquarters 
Conn. John Thompson, formerly 
manager alloy steel sales has been 
named manager sales development, 
succeeding Mr. Greene Reading, Pa, 


DEATHS 


Royston, Jr., 65, founder and 
chairman the board directors, 
Royston Laboratories, Inc., 
Pa., died November 26, 1949. member 
NACE for several years was 
widely known for his achievements and 
interest the field corrosion. 


list addresses new members 
and changes addresses old 
magazine. 


First ONE-CALL Service 


COMPLETE LINE CORROSION MITIGATION PRODUCTS 
Including Cathodic Protection Equipment and Instruments 


UALITY products and equipment manufactured nationally known leaders 
their field. Used pipe line companies, utilities and contractors everywhere. 


Represent— 


KOPPERS COLD COATINGS 
The “Maintenance” Line including Bitumastic No. 50, etc. 


COAL TAR ENAMELS 
Plasticized Pipe Line Enamel. 


OKLAHOMA GLASS FIBER REINFORCEMENT 
With Uniform Strength, Porosity, Penetration Strength 
independent Fabric—not chance blown 
mat. Available all sizes, lengths 1200 De- 
livery schedules maintained suit your spreads. 


PIPE LINE FELTS 
Asbestos made nationally known 
Standard widths and lengths. 


KRAFT PAPER 


Pipe line weights and roll sizes. 


GENERAL ELECTRIC RECTIFIERS 
New ... Gadgetless Unit. 


NATIONAL CARBON GRAPHITE ANODES—BACKFILL 


For use with rectifiers. 


APEX MAGNESIUM ANODES 
and lb. size, available bare packaged 
with backfill. Made highest purity Dow 
(also available with 1/10 copper max. only composi- 
tion variance.) 


NELSON ELECTRIC FLANGE INSULATORS 

PESCO INSULATING COUPLINGS 

MILLER INSTRUMENTS 

NELSON ELECTRIC MANUFACTURING INSTRUMENTS 


Place Your Order With 


MIDDLE WEST COATING 


TULSA, OKLAHOMA 
MAYNARD JACKSON, Home Telephone 7-5403 


207-A Daniel Bidg. 


SUPPLY 


Telephone 2-0865 


CIATION 
ASSO 
—NATIONA 
CORROSION 
“Hot-Dip” means actually dipping the stee] ina 
the highest quality when you send your 
che First Nationa] Bank Bldg., Pittsburgh 22; Pa. 
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SELF COOLED 


ATTENTIO 


Have Discontinued Our National Distributor 


Purchase Your Good-All Cathodic Protection 
Rectifiers Direct from the Factory 


Self Cooled Models with and with- 
out Thermo Protection. 
Oil Immersed Types—Regular and 
Explosion Proof. 


SEE 


BOOTH OIL IMMERSED 
N.A.C.E.—ST. LOUIS 


lloy. 
i 


Ebasco Services, New York, designed 
and supervising the construction 
170-mile, $10,000,000 22-inch natural gas 
pipe line with capacity 230,000,000 
cubic feet daily the Oak Ridge, Ten- 
nessee atom plant. The pipe 
equipped with fully automatic main line 
valves and will buried throughout its 
length minimize sabotage. Multiple 
river crossing will provided. The line 
also expected provide natural gas 
the Knoxville, Alcoa and Maryville 
area this winter. scheduled for com- 
pletion December. 


Twelve samples automotive lubri- 
cants may tested once new 
Sohio Poly-Veriform Lubrication Tester 
manufactured the Precision Scientific 
Co., 3737 Cortlandt Ave., Chicago 47, 
Ill., cooperations with the Standard Oil 
Company Ohio. The device designed 
study corrosion characteristics, oxida- 
tion stability and varnish and sludge for- 
mation tendencies lubricating oils. 
Manufacturers claim 10-hour tests the 
device are equivalent the 36-hour 
Chevrolet Test (ASTM). Easy cleaninng 
also claimed. operation highly 
polished pieces bearing metal, after 
weighing, are placed 100 grams oil 
sample. hardened steel drill rod weigh- 
ing about 600 grams placed the 
bearing metal approximate the thrust 
load bearing. The set then 
heated 325 degrees F., the drill rod 
rotated 625 RPM while air bubbled 
through the oil the rate liters 
hour. The bearing piece weighed 
after the test determine the degree 
corrosion. 


Stainless Steel tapered precision-bore 
metering tube and “float” are features 
new Fischer Porter Co., Hatboro, 
Pa., gas flowmeter called “Floguide.” 
affixed metering scale registers di- 
rect reading flow rate. Available ca- 
pacities are 16,000 standard cubic 
feet carbon dioxide per hour, 200 
76,000 SCHF hydrogen and comparable 
capacities for other gases. They can 
furnished withstand 600 psig working 
pressure all sizes. Temperature limits 
are those commercially-available pack- 


ings. 


St. John X-Ray Laboratory, Califon, 
Cobalt 60. This radioactive material 
will used place radium. Because 
Cobalt has smaller focal point spot 
size than equivalent amount ra- 
dium, the laboratory says, better results 
can obtained use this new 
radioisotope. 


Claimed Electro Chemical 
Supply Engineering Co., 750 Broad 
Street, Emmaus, Pa., inert sol- 
vents, fats, oils, grease, alkalis and acids, 
except strong chromic, nitric 
furic over degrees 375 degrees 
thermoseting synthetic ‘resin ce- 
ment. Its application joining acid- 


proof brick. The Electro Chemical Sup- 
ply Engineering Co., formerly was 
located Paoli, Pa. Fowler Co., 
Inc., Seattle, Wash., has been named the 
company’s Northwestern agent. 


Threading Stainless steel fittings 
high production rates possible with 
properly trained personnel 
tools, Cooper Alloy Foundry, Hillside, 
J., advises. Details correct pro- 
cedures and case histories are included 
folder “Don’t Fear Threading 
Stainless,” available request. 


“Perma-Tube” steel 
tubing manufactured Jones Laugh- 
lin Steel Corp., originally for manufac- 
turers television antennae, now 
being structural substitute for 
masonry columns metal support col- 
umns. The steel tubing cleaned, dipped 
pre-treatment material called Vin- 
synite, then coated inside and out with 
finish coating vinyl resin base 
which there aluminum pigment. After 
baking oven the tube ready for 
use. High resistance acid, alkalis and 
claimed. The material has withstood 950 
hours accelerated salt-spray test. 


Plastisols Based Geon paste resin 
121, product Goodrich Chemi- 
cal Company are being used successfully 
single dip plating racks for electro- 
plating service, according the Good- 
rich company, 324 Rose Building, Cleve- 
land 15, Ohio. Thicknesses ranging from 
few mils more per dip 
are possible, the Michigan Chrome and 
Chemical Co., Detroit, Mich., fabricators 
the plating racks claim. 


Hagan Automatic Degasser, manufac- 
tured the Hagan Corp., Pittsburgh, 
produces continuously and automatically 
approximately 50-50 split flowing 
steam sample—one fraction the con- 
densed steam containing any dissolved 
solids that may present and the other 
any dissolved gases. Tests have indicated 
the new degasser will completely elimi- 
nate carbon dioxide from the fraction 
containing dissolved solids and ammonia 
has been virtually eliminated. The frac- 
tion the condensed steam containing 
dissolved solids run through cell 
where its electrical conductivity tested, 
providing index steam purity, ac- 
curate because the influence gases has 
been eliminated. Short time intervals for 
the passage the steam makes cor- 
relation recorder charts 
tical. second cell measures conductivity 
the gas fraction and both may di- 
virted for chemical analysis. 


Paint Remover, reported Coat- 
ing Corner” publication Brooklyn 
Varnish Mfg. Co., Inc., Brooklyn, Y., 
which removes almost 100 percent 
other removers has been developed. 
According Wright-Paterson Field Re- 


port No. PB-97658, non-corrosiye 
remains stable six months stor. 
age off easily under high 
pressure water. Basic formula 
lows: (All percentages weight) 
Methylene chloride 76.5%; alco. 
hol 6.5; cellosolve 4.0; methyl cellulose 
2.0; wetting agent 5.0; paraffin wax 
water 3.0 


Duriron Company, Inc., East 
New York 17, offering the 
(Write The Duriron Co., Dayton 
Ohio, for copies these bulletins). 

816—Model 40, Series 
sisting, self-priming Durcopumps, made 
materials from cast steel 
ron. This pump, the company says, cuts 
priming time over old models, 
and has handled, test, much 
air per minute without losing 

812-A—On the installation and 
tion Durcopumps. This bulletin super- 
cedes No. 812, which should thrown 
away. This bulletin covers all centrifugal 
pumps the company during the 
past years. 

637—Covering the new Durco 
Corrosion-resisting plug valves, made 
new designs more fully utilize the 
physical, metallurgical and 
sisting characteristics wide range 
alloy bodies. These include Durimet 2), 
Chlorimet Durco D-10, 
Inconel, Monel and Ni-resist. Features 
are: Hard, hardened hard-faced plugs, 
with flexible shank. Grease grooves 
all plugs, cut after grinding and lapping. 
Teflon diaphragms. Proper plug taper. 


ZK60, Improved magnesium 
trusion alloy containing six percent zinc 
and one percent zirconium 
increased toughness, relative insensitivity 
notch effect and good impact and 
fatigue strength. High strength 
ties are the result mainly small 
size. Other factors contributing 
strength are extrusion conditions. Floor 
beams Douglas DC-6 planes among 
other plane components are made the 
material. 


“Dowell Magnesium Anodes” bulle- 
tin issued Dowell, Inc., Tulsa, Okla 
gives basic information the use 
magnesium for impressed currents 
metal structures. 


International Oil Equipment Co., Inc. 
New York City, has been named 
clusive export representative The 
Midwestern Engine and Equipment Co, 
Tulsa, Okla. Midwestern distributes 
clusively several lines pipeline 
oil field equipment, including 
pipe wrap, Glasfab, Kapco Rock 
and the Beacon Light Plant, new 
dition. 


Fischer Porter Co., Hatboro, 


will hold its next instrumentation 
January 23-27. 
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Index 
CORROSION ABSTRACTS 


GENERAL Page 

TESTING 
Laboratory Methods ............... 

CORROSION TYPES INFLUENCING 
FACTORS 
Factors Physical Mech........... 

CORROSIVE ENVIRONMENTS 
Chemicals Organic 

PREVENTIVE MEASURES 


GENERAL 
Miscellaneous 


The Protection Steel Against At- 
mospheric Corrosion and Marine Foul- 
ing: Discussion. Iron and Steel Institute. 
Steel Inst., 161, No. 91-102 (1949) 

eb. 

Discussion the following papers: 
“First Report the Methods Test- 
ing (Corrosion) Sub-Committee” and 
‘Service Trials Painting Schemes 
Applied Steel-works Gantry,” both 
Hudson; “The Protection Iron 
and Steel Various Non-Metallic Coat- 
feld (noted B.N.F. Bulletin 225, 
March, 1948, 84); “Studies Anti- 
Fouling Compositions,” Barnes; 

Service Tests Experimental Anti- 

ouling Compositions,” Barnes, 
(noted B.N.F. Bulletin 223, Jan., 
1948, 15); “Cementiferous Paints,” 

Marine Exposures Cementiferous 
Painting Schemes,” Pyefinch 
(both noted Bulletin 230, 
Aug., 1948, 


Reviews 


Corrosion. (University Research and 
Eng. Chem., 41, No. 97A-98A (1949) 
June. 


Brief details are given two courses 
corrosion Ohio State University. 
Apart from this, only superficial refer- 
ence research, although mention 
made various universities where 
teaching research activities proceed. 


—BNF. 


Chemistry Research 1947. (Corrosion 
Investigations the Chemical Research 
Laboratory, Teddington.) Chemical Re- 
search Board. Brochure, 1949, 


This report follows quickly that 
for 1938-46, the corrosion section 
which was noted B.N.F. Bulletin No. 
230, Aug., 1948, Present report 
includes (pp. 8-28) testing technique 
(immersed: high- and low-speed rotor, 
electrochemical measurements, and “ori- 
atmospheric: intermittent 
spray and beaker type); organic corro- 
sion inhibitors; culture sulfate-reduc- 
ing bacteria, and inhibitory action 
antibiotics and antiseptics these 
organisms; electron micrographs the 


Scientific Attack Corrosion Under 
Way. Chem. and Eng. News, 25, 1859 
(1947) June 30. 


Reviews papers presented the first 
University Conference Corrosion and 
Metal Protection the Museum 
Science and Industry Chicago, June 
through 


Putting Ocean Work for Industry 
Logging Corrosion Data. Business 
Week, No. 1034, 60, 62, (1949) June 25. 


Photographs depict tests run Kure 
Location stations, scope testing, 
volved research, and the stress placed 
“research” basis LaQue are 
discussed.—INCO. 


Companies Unite Against Ravages 
Salt Water Research Kure Beach 
Oil and Gas J., 46, 107-108, 111 (1947) 
June 28. 

Describes research facilities and pro- 
grams for prevention salt-water corro- 
sion metals, for prevention fouling, 
and for prevention marine-borer at- 
tack wooden structures, Kure 
Beach, 


Corrosion and Protection Metals. 
(Sir) Epwarp Civil Eng., 42, 
No. 497, 476 (1947). 

Corrosion metals reviewed, and 
reference made work the Chem- 
ical Research Laboratory, Teddington. 


Organized 
Studies 


Research Toward Development 
Non-Corrosive Metals and Magnetic Al- 
loys, and the Production Magnetic 
Alloys Powder Metallurgy. (U. 
Dept. the Army, Contract No. W36- 
Univ., Bethlehem, Pa. Sixth quarterly 
report, No. 132, (1947) Dec. 

This study, the first series the 
mechanism corrosion light alloys, 
includes critical review the dis- 
Experimental work the solution 
commercially pure aluminum sodium 
hydroxide relates weight loss and rate 
immersion, temperature, concentration, 
external current, and additions gelatin 
and potassium permanganate. Dissolu- 
tion phenomena are explained terms 
the electro-chemical theory. 

When aluminum dissolves sodium 
hydroxide solutions, hydrogen evolved 
and precipitate forms the metal 
surface which increases the rate dis- 
solution. This rate increase diminished 
until constant reached. The effect 
immersion time the weight loss 
designated power function. The 
instantaneous rate dissolution di- 
rectly proportional the weight loss 
and inversely proportional the time 
immersion. The constant proportion- 
ality this relationship applies through- 
out all ranges temperature and 
concentration studied. 

Electrode potential measurements 
made dissolving specimens revealed 
that the potential changes more 
noble values during 
process. These potential changes seem 
function the precipitate rather 
than the result any changes occurring 
the solution. Plots electrode poten- 
tial against rate dissolution, which 
can converted current density 
the local cells, give straight polarization 
lines, the slopes being directly propor- 
tional the the solution. 

Neither the weight loss nor the rate 
dissolution can related any 
property the solution function 
the concentration over the entire 
range. The effect concentration 
the weight loss also expressed 
power function. 

The effect temperature 
weight loss given exponential 
function, and its effect the rate 
dissolution follows the Arrhenius equa- 
tion. increase 10° approxi- 
mately doubles the dissolution rate. 


When aluminum normal 
sodium hydroxide solution made 
cathodic external current, the 


loss weight drops only slightly 
the current density increased. But 
when made anodic there first 
range current densities which there 
apparent effect the weight loss; 
this followed range which the 
dissolution rate directly proportional 
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the density the external current. 
the first stage dissolution results 
from both local cell action and the ex- 
ternal current; the external current 
density increases, local cell action 
decreases due the effect,” 
until almost completely suppressed. 
this point the weight loss elec- 
trochemically equivalent the current 
passing through the cell. normal 
solutions the transitions between these 
various phases are less pronounced than 
0.3 normal solutions the current 
density increased, and local cell action 
can not reduced zero. The differ- 
ence effect normal solutions 
directly proportional the current 
density per sq. dm; this 
point the difference effect falls off. This 
linear relationship holds true also 
0.3 normal solutions, but the difference 
effect has definite positive value 
zero current density resulting from the 
influence concentration gradients set 
the more dilute solution. 

The effects agitation, added gelatin, 
and temperature changes indicate that 
the rate-controlling reaction homo- 
geneous chemical reaction. 

About 0.1% potassium permanganate 
required depress the solution rate 
commercially pure aluminum 0.3 
sodium hydroxide. smaller quan- 
tities has accelerating effect. 

The difference effect the counter- 
part cathodic protection, 
same conditions apply when the direc- 
tion the external current taken into 
consideration. Its limiting 
reached when the local anodes are 
polarized the open-circuit potential 
the local cathodes, condition met 
solutions. The difference effect 
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reproducible other dissolution tests 
when the change dissolution rate with 
immersion time 

The rate dissolution determined 
the rate the cathodic processes 
which probably constitute one the 
steps the reaction series which 
hydrogen liberated the 
Diffusion effects not appreciably 
fluence the rate dissolution under 
freely dissolving conditions. 

The samples, all taken from one 
0.0225-in. sheet S-O-aluminum 
about 99.1% purity, were circular de. 
sign minimize edge effects. They were 
water, and immediately immersed the 
test solution. After completing the test, 
the surface precipitate 
under running water, and the samples 
dried electric oven 110° 
cooled desiccator, and weighed. 

bibliography 111 references 
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Research Toward Development 
Non-Corrosive Metals and Magnetic 
loys, and the Production Magnetic 
Alloys Powder Metallurgy. 
STREICHER, BERNT ROALD, GEORGE 
DON, AND Ninth quarterly 
report, No. (1948) July. 

This ninth progress report the 
series consists four sections. Three 
concern: literature survey infor- 
mation the corrosion magnesium 
various electrolytes, the corrosion 
rate aluminum under accelerated con- 
ditions, particularly solutions contain- 
ing hydrogen peroxide, and 
trolling factors galvanic corrosion. 
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the fourth section, experimental work 
the mechanism dissolution com- 
mercial aluminum, 99.2% pure, 
sodium hydroxide solutions, which was 
reported detail Part extended 
purer compositions, including 99.85%, 
99.95%, and 99.99% aluminum, and 
52S aluminum alloy containing 2.5% 
magnesium. Alkaline solutions were used 
for most these experiments, although 
some preliminary test runs also were 
made acids. 

Aluminum higher purity than 
has lower dissolution rate, the rate de- 
creasing the purity increases. The 
mechanism dissolution appears 
the same, the impurities the metal 
depositing the surface and increasing 
the dissolution rate. For the 52S metal, 
this rate constant with time, since the 
impurities not deposit the surface 
but fall the bottom the solution. 
These observations are supported 
electrode potential measurements. Dur- 
ing dissolution, the potential aluminum 
higher purity changes con- 
tinually toward more cathodic value, 
whereas that 52S remains constant. 

acid solutions, the 
effect impurities the rate dis- 
solution more pronounced. Thus 
acid solution, aluminum dissolves 
rapidly, whereas very pure composi- 
tion not attacked all. Aluminum 
alloys are generally more resistant 
acids given concentration than 
alkaline solutions the same concen- 
tration. All results are preliminary. 

PDC Comment: Other reports this 
series are either preliminary nature, 
repeat the information abstracted, 
relate work magnetic alloys. 

The investigation the magnetic 
alloys was restricted evaluation 
the corrosion properties commercial, 
magnetically soft materials. Preliminary 
tests these salt-spray cabinet 
indicated that the alloys are 
superior other alloys. number 
variables which might affect the results 
were not controlled. 

correlation between loss weight 
and dimensional change cylindrical 
specimens now being investigated 
better means for evaluating corrosion 
behavior. 

The rate dissolution determined 
the rate the cathodic processes, 
which probably constitute one the 
steps the reaction series 
hydrogen liberated the cathodes. 
Diffusion effects not appreciably in- 
fluence the rate dissolution under 
freely dissolving conditions. 

The samples, all taken 
0.0225-in. sheet 2S-O aluminum 
about 99.1% purity, were circular 
design minimize edge effects. They 
were pretreated sodium hydroxide 
produce uniform surface, rinsed 
water, and immediately immersed the 
test solution. After completing the test, 
the surface precipitate was 
under running water, and the samples 
dried electric oven 110° 
cooled desiccator, and weighed. 

bibliography 111 references 

Calculations for Reactions Chrom- 
ium, Molybdenum, Titanium, and Tung- 
sten with Oxygen, Nitrogen, Hydrogen, 
Ray, AND Herres. (Douglas Aircraft 
Company Rep. R-108, 1948, pp.; Nuclear 
Sci. Abs., 208 (1949). 


Presents information obtained 


removed 


Abstract Section 
Style Outlined 


For ease locating reference data, 
uses uniform style its 
Abstract Section. 

The abstracts first are broken down 
into major classifications of the more 
common types of corrosion literature. 
In each review the title of the article 
presented bold face type, followed 
the author’s name. The publication 
from which the article was abstracted is 
printed italics and abbreviated 
most instances. Following this, in se- 
quence, are the volume (bold face), 
number in the volume, pages, year and 
month of publication. In some instances 
a second reference will be listed in the 
same manner, This indicates that the 
article also was published or abstracted 
another publication. sum- 
the article follows the above 
information and it is concluded with 
an abbreviation indicating the source 
of the abstract and_ contributor. The 
meanings of these abbreviations usually 
are listed the first page the 
Abstract Section. 


When seeking more detailed data 
about an abstract, best source of infor- 
mation the publication which the 
article appeared originally. (Listed in 
italics in the heading.) The contributor 
of the abstract also may be able to sup- 
ply additional information. Addresses 
of most of these rfublications may be 
found in the reference section of most 
public libraries. 


study the theoretical application 
physical-chemical data the determina- 
tion the conditions for reactions 
chromium, molybdenum, titanium, and 
tungsten, with oxygen, nitrogen, hydro- 
gen, carbon, sulfur, refractory 
oxides. Practical considerations includ- 
ing availability and cost, indicate that 
primary emphasis should laid the 
metals chromium, titanium, 
and tungsten bases for alloys with 
good strength elevated temp. The 
strong reactivities these metals with 
atmospheric oxygen and nitrogen, with 
hydrogen and carbon, and with refrac- 
tory oxides, which are ordinarily used 
furnace linings for containing other 
molten metals, lead serious problems 
producing the metals and utilizing 
them for elevated-temp. service. 
though very few direct experimental 


data are available, possible 
chemical principles, the conditions unde 
which reactions could 


Fundamentals 


Hydrogen Overvoltage. 
“Electrode Processes.” Discussions 
the Faraday Society, No. 57-67; discus. 
sion, 127-141 (1947). 

Shows number independent 
methods that the case hydrogen 
evolution mercury from 
tions, the slowest stage the reaction 
the discharge hydrogen ion which 
the overall reaction. the case 
cathodes with low overvoltage, the rate 
the discharge stage also can 
mined experimentally; however, the rate 
such formation hydrogen 
cules, the diffusion molecular 
hydrogen. The presence oxide films 
the surface metals has marked 
influence. Overvoltage 
changed when the anodic process and 
dissolution the metal 
taneously thus making 
clusions regarding steady-state potential 
and rate dissolution metal. 


The Theory Overvoltage. 
“Electrode Processes.” Discus- 
sions the Faraday Society, 1947, 
72-80; discussion, 127-141. 

Correlates and summarizes recent ex- 
perimental work which 
satisfactory theoretical interpretation 
many observations. Includes numerous 
tables and graphs. 


Studies Electrolytic Polarisation. II. 
The Effect the Solvent the Hy- 
drogen Overpotential. O’M. 
“Electrode Processes.” Discussions 
the Faraday Society, 1947, No. 95-106; 
discussion, 127-141. 

Hydrogen overvoltage lead, copper, 
and nickel cathodes was measured 
solutions hydrogen chloride methy! 


Abbreviations the end abstracts indicate source abstract and contributor; and are 
follows: 


Aeronautical Review, Institute Aeronautical Sciences, Inc. 


The Abstract Bulletin, Aluminum Laboratories, Ltd. 


Library Review, Battelle Memorial Institute Library 
Chemical Engineering, McGraw Hill Publishing Co. 
Electrical World, McGraw Hill Publishing Co. 
The International Nickel Co., Inc. 
Metallurgical Abstracts, Institute Metals, London, Eng. 
Refrigeration Abstracts, American Society Refrigeration Engineers 
Revue Matallurgie, Paris, France 
Review Current Literature Relating the Paint, Colour, Varnish Allied 

Industries, Research Association British Paint, Colour Varnish Manufac- 

turers, London. 
Technical Data Digest, Air Materiel Command—Technical Service Section 
Current Technical Literature, Bell Telephone Laboratories 
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and ethyl alcohols, glycol, 
formic and acetic acids, ether, and 
dioxane and mixtures these with 
water except the cases formic acid 
and ether. Long time-decay and_ the 
effect stirring were also determined. 
Results not agree with known ver- 
sions the neutralization reaction- 
rate theories. Suggests catalytic 
molecules influence the rate forma- 
tion molecules from hydrogen 
atoms. ref.—BLR. 


Oxygen Overvoltage, Part The In- 
fluence Electrode Material, Current 
Density, and Time Aqueous Solution. 
Discussions the Faraday 
Society, 1947, No. 236-246; discussion, 
248-254. 

thorough survey was made con- 
ditions necessary obtain reproducible 
oxygen overvoltage measurements, and 
experimental method was developed 
which gives reliable values. This method 
was applied study the behavior 
different anode metals alkaline 
solution over the current density range 
10° amp. per sq. cm. 


Investigation Electrode Reactions 
the Method Charging-Curves and 
With the Aid Alternating Currents. 
“Electrode Processes.” Discus- 
sions the Faraday Society, 1947, No. 
269-277; discussion, 298-302. 

Describes above method 
results obtained its use with respect 
to: kinetics the formation adsorbed 
layers oxygen and hydrogen 
metals and the dissolution metals; 
and the mechanism anodic dissolu- 
tion and passivation platinum. ref. 
—BLR. 


The Standard Electrode Potentials 
“Electrode Processes.” 
Discussions the Faraday Society, 1947, 
No. 328-334. 

Presents, tabular form, results 
comprehensive and critical examination 
and correlation literature data. 120 


The Mechanism the Formation 
Films Metals. Evans, Cam- 
bridge University. Corrosion and Mat. Pro- 
tect., No. 15-10 (1949) July-Aug. 

The mechanism formation films 
metals has been diagrammed ex- 
experimental 
relating the four equations established 
Vernon 1943, viz., the parabolic, 
rectilinear, logarithmic, and asymptotic 
growth laws. 

Only one arbitrary assumption 
made, namely, that oxygen passes into 
the metal and forms solid solution, 
and that nuclei oxide appear only 
state supersaturation has been 
From these nuclei the oxide 
phase spreads laterally over the surface, 
explaining the sigmoid curl seen the 
beginning 
curves. The first crystals oxide are 
compressed laterally, since the condi- 
tions formation not allow them 
take unconstrained shape. The 
distorted structure continued both 
the oxide spreads laterally over 
the surface and also when the film 
Starts increase thickness. This ex- 
the results electron diffraction 
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and x-ray studies and also the wrinkles 
seen the films after they have been 
transferred yielding base. 

The thickening the films con- 
sidered caused the outward 
movement cations electrons, 
according Wagner’s mechanism; thus 
films which have poor electronic ionic 
conductivity are protective. Wagner’s 
equations correlate the growth constants 
the films with the electrical properties 
the film substances. Where the neces- 
sary data are available, good agreement 
obtained between calculated and ex- 
perimental values. 


the film thickens, its internal stress 
periodically causes breakdown, which 
may occur different ways. high 
temperatures, strain relieved plastic 
flow, without necessarily producing 
cracks. somewhat lower temperatures 
cracking may occur, and any partic- 
ular moment, there may outer 
shattered layer overlying compact 
inner layer. According the relative 
resistance imposed the two layers, 
the growth may obey either the para- 
bolic law the rectilinear law. still 
lower temperatures, breakdown may 
take the form blistering, leading 
series cracks parallel the surface. 
These act “cavity barriers” and ob- 
struct passage through the film, that 
the rectilinear law replaced log- 
arithmic relation and the parabolic law 
asymptotic relation. Logarithmic 
growth might also indicated oxida- 
tion occurs penetration into the metal 
along uni-dimensional 


the Oxidation Metals Low 
Temperatures, and the Influence 
Light. Phil. Mag., (vii), 40, 
No. 301, 175-188 (1949). 

Theoretical. The theories developed 
Mott for the oxidation metals 
low temp. are discussed, and are ex- 
tended oxides, such for 
which the metal diffuses through the 
oxide the mechanism vacant lattice 
points. Discontinuities such 
crystalline surfaces are neglected. 
shown that the logarithmic oxidation 
law will valid down very low 
temp., and for pressures oxygen 
above approx. mm. mercury, inde- 
pendently the temp. and the oxide 
considered. Mott’s oxidation model also 
has been applied explain the influence 
ultra-violet light the oxidation 
aluminum; the rate oxidation 
higher for irradiated samples than under 
ordinary conditions. The theory de- 
veloped agrees with the experimental 
results, and suggests that the influence 
light will observable only for 
frequencies such that eV. The 
limiting thickness the oxide layer 
under the influence light increases 
the layer, the electronic charge, and 
the const. field the oxide layer. 


Electrochemical Assessment Corro- 
sion-Resistance Ferrous Alloys. 
CAVALLARO AND INDELLI. Cor- 
rosion, 25, 149-156 (1949) June. 

Results experiments mechanism 
and rate corrosion occurring plain 
and alloy steels (13 chromium steel, 
chromium-8 manganese steel, chro- 
nickel steel, chromium steel, 
18-8). Attacking media: lithium chloride, 
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sodium chloride, 
potassium bromide, potassium iodide, 
sodium sulphate, sulphate. 


Effects many inhibitors studied.— 
INCO. 


Activité électrochimique des pellicules 
rouille milieu humide aéré voisin 
neutralité (The Electrochemical activity 
Rust Films and the Corrosion Iron 
Rust Damp, Aerated Conditions, 
About the Neutral Point). 
Metaux Corrosion, 24, No. 285, 119-34 
(1949) May. 

Though the aim the research re- 
ported here was investigate the 
electrochemical action between rust and 
clean iron surface, several experiments 
couples between rusted iron and zinc 
were investigated. The electrochemical 
characteristics the rusty iron/zinc 
couple are the sums those for iron/ 
rusty iron and iron/zinc. The behavior 
iron/rust couples under various con- 
ditions reported. the presence 
oxygen, rust accelerates the corrosion 
iron not only electrolytically, but also 
because its depolarizing action. 
—ZDA. 


The Analysis Corrosion-Time 
Inst. Metals, 75, No. 19, 737-740 (1949) 
May. 

Empirical corrosion-time curves 
usually conform one the four 
typical equations which may termed 
rectilinear 1), parabolic 2), logarithmic 
3), and exponential 4). Methods are 
available for accurate fitting 1), 2), 
and 4), and method now given for 
tion formerly used. The new method 
particularly useful for relatively low 


Electric Effect During the Corro- 
sion Metals Magnetic Field. Uco 
Ricerca Scientifica, 18, Nos. 
5/6, (1948) May/June; Technical Data 
Digest, 14, No. (1949) Apr. 

aspect corrosion metals due 
action free metalloids and metalloids 
liberated from other compounds across 
compact layer the compound 
formed, indicated that compound 
possesses semiconductive characteristics 
the corrosion the magnetic field 
accompanied electric effect. 


Pittsburgh International Conference 
Surface Reactions. Corrosion Publishing 
Co., Pittsburgh, Pa., viii, 236 p., illus., 
tables, diagrs. 1948. 

One the aims the International 
Conference Surface Reactions held 
Pittsburgh, June through 
June 11, 1948 was re-establish and 
stimulate the exchange scientific in- 
formation between America and Europe. 
Papers with the following titles were 
presented and are reproduced full 
with appended bibliographies: Proper- 
ties Metallic Surfaces, Pulse Polar- 
Theory and Technique Measuring 
Metal Dissolution Rates, The Measurement 
Permeability Characteristics Anodic 
Films Aluminum, The Corrosion 
and Zinc-Coated Steel Hot 
Waters, Valence Inductivity and Cata- 
lytic Action, The Mechanisms Some 
Elementary Surface Reactions, Applica- 
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tion the Electron Microscope Cor. 
rosion Studies, The 
Single Crystals for the Study 
face Reactions, The Mechanism the 
Formation Films Metals, Re. 
actions Metals and Alloys with Oxy. 
gen, Sulphur and Halogens High 
Temperatures, Studies Metal 
faces Low Temperature Gas Adsorp- 
tion, Optical Determination Thin 
Films Reflection Bases Trans. 
parent Environments, Some Aspects 
Internal Oxidation Silver, 
Nickel and Iron Alloys, Study the 
Difference Effect, Measurement 
vanic Currents Around Underground 
Structure, The Action Organic In- 
hibitors the Acid Attack Mild 
Steel, Some Recent Contributions 
British Corrosion Research Group, In- 
vestigations Gas Metal Reactions 
Reflection Electron Diffraction, Theoret. 
ical and Experimental Investigations 
About Conjugated Formation Several 
Layers Dry Corrosion, Etude Micro- 
Transformations Protoxyde Fer, 
Influence the Condition Iron and 
Copper Oxidation High Temper- 
atures, Mechanism the Rapid Oxida- 
tion High Temperature, 
Strength Alloys, Surface Preparation 
Electropolishing, The “Wetting Effect” 
Strongly Affecting the Tensile Strength 
Solids and Liquostriction, New 
Effect Resulting, The Behavior Oxide 
Films Aluminum, The Breakdown 
Oxide Films Acid Vapors, The 
Reaction Metals High Vacuum. 
—PDA. 


The Rate Solution Highest Purity 
Aluminum Sodium Hydroxide Solu- 
the Electrochemical Soc. (U. 
95, No. 98-106 (1949) Feb. 

series dissolution experiments 
highest purity aluminum 
sodium-hydroxial solutions ranging from 
0.1 5-normal has been carried out. 
The rate solution parallel experiments 
from the average value. Homogenization 
attempts did not improve the results. 
The rate solution sodium-hydroxial 
(up 0.5 normal) proportional 
the cube root the concentration 
tween approximately 0.5 and 3-N the 
rate increases proportional the con- 
centration. Then follows sudden jump 
and concentrations above the 
rate increases again, 
tional the concentration. 
trations higher than 5-N, the dissolution 
process very irregular and deep pits 
are formed. Upon reducing the concen- 
tration below 
(the aluminum plates were washed and 
the dissolution continued fresh 
sodium-hydroxide 
tion) the rate solution 
gradually, remaining considerably higher 
than when working 
sodium-hydroxide concentrations. When 
mechanically, the previous velocity could 
observed within the limits repro- 
ductibility. (Authors’ 


Corrosion Influence 
74, No. 123-5 (1949) Feb. 18. 

The first article this series contains 
account the general causes 
corrosion, and shows how attention 
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be 


certain details the design metal 
article structure can help prevent 
it. particular, the subject contact 
corrosion between different metals 
discussed. The author points out that 
the series standard electrode poten- 
tials metals can very misleading, 
and quotes more 
drawn Que and Cox. this, 
which applies strictly only metals 
immersed sea water, magnesium and 
its alloys come first, followed zinc, 
which can therefore protect any metal 
except magnesium. Aluminum may 
used safely contact with zinc cad- 
mium, coatings which are often used 
prevent contact between aluminum 
and 


Corrosion, Passivity and Passivation 
from the Thermodynamic Point View. 
No. 121-133 (1949) Apr. 

When metal contact with 
aqueous solution, its surface state varies 
strongly according the circumstances 
existing. the metal covered with 
protective film, state passivation 
exists. When the surface actually re- 
mains metallic, state passivity. 
metal does not corrode unless 
unstable with relation its corrosion 
products. oxide other compound 
cannot form protective film metal 
unless unstable the same time 
with relation the metal and with rela- 
tion the constituents the solution. 
convenient represent circum- 
stances energetic equilibrium between 
metal and composition which this 
metal can give rise corrosion passi- 
vation diagram where abscissa repre- 
sents solution, ordinate potential 
equilibrium E.—TDD. 


Corrosion Theories: Rust: How 
Formed and Why Must Removed. 
Machine Production. Canada’s Foundry 
22, No. 23-24 (1949) Apr. 

Corrosion theories postulated prior 
the now generally-accepted electrolytic 
theory are reviewed. Electrolytic theory 
discussed detail—INCO. 


WASSERMANN AND WIEDERHOLT. FIAT 
Rev. German Sci., 1939-1946: General 
Metallurgy, 1948, 257-286). (In German.) 


and review recent German con- 
tributions the general theory 
corrosion, with particular reference 
theories developed Muller, and criti- 
cism these theories other workers. 
The problem passivity considered, 
and references are given recent 
work. Wassermann discusses methods 
and techniques for 
corrosion properties, the form speci- 
men used, and the relationship 
between the stress and the extent 
the corrosion. The theory stress 
corrosion briefly dealt with. Wieder- 
holt summarizes recent work natural 
and laboratory methods examining 
corrosion resistance. There 


Intergranular Corrosion Pure Alum- 
inum Relation the Behavior 
Grain-Boundaries During Melting. 
Translated from the French. 
Nature, 162, 854-855 (1948) Nov. 27. 
Comptes Rendus, 226, 1372-1373. (1948). 

Chalmers showed that the grain bound- 
aries high-purity tin have melting 
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temperature lower than that bulk tin. 
similar effect was observed the case 
simple device. When the metal was 
heated for long time near its melting 
point, inversion the corrosion was 
observed; for example, hydrogen chloride 
dissolved only the bulk the crystals, 
leaving their boundaries uncorroded 


very thin partition. Includes micrographs. 
—BLR. 


TESTING 


General 


Jet-Test for Determining the Thickness 
Minst. Supply, Armament Research Estab., 
Advance Copy, 1948; Iron Steel Inst. 
(Abs.), 161, (1949). 

The preparation and standardization 
jet-test reagent suitable for deter- 
mining the local thickness lead 
coatings described. The solution con- 
sists glacial acetic acid hydrogen 
peroxide (5% and distilled 


Tests New Paint Inhibitors. Iron 
and Steel Institute, British Iron and Steel 
Research Association and Others. Paint 
Manuf., 18, No. 306 (1948). 


Summary interim report 
months’ exposure) 100 priming paints 
now being tested. The results indicate 
the importance film thickness, and 
that marine exposure 
destructive than exposure indus- 
trial 


Pilot Plant Corrosion Tests. M.G. Fon- 
TANA. Ind. Eng. Chem., 41, No. 101A, 
102A; 41, No. 103A, 104A; 41, No. 
95A, 96A (1949) Mar., Apr., May. 

Discusses value such tests mate- 
rials construction; handling speci- 
mens; exposure time; use correct 
temperature and corroding medium; 
testing actual 


New Corrosion Test for Plastics. 
Chem. Eng., 56, No. 98-101 (1949) July. 

Explains and describes 
laboratory method which involves sev- 
eral variables, and which seems dupli- 
cate with considerable 
accuracy. Article shows how method has 
various grades the material Haveg, 


which made phenolic furan 
resin, filled either with 
graphite. Discussion includes previous 


test methods, interpretation results 
new test procedure, rating system for 
Haveg, over-all rating and the fact that 
the test checks with results. 
—INCO. 


Significance Chemical Tests Lu- 
bricating-Oil Specifications. 
MANN, Houghton Co. Paper 
before Am. Soc. Lubrication Engs., 3rd 
Ann. Conv. Power, 93, No. 97-99 (1949) 
Mar. 

what lube-oil chemical 
tests mean. Corrosion tests are defined 
tests establish potential corrosivity 


Vol. 


lubricant. Oxidation tests are de. 
fined tests determine life 
pectancy oil—INCO. 


Bearing Corrosion Test for Lubricat. 
AND Standard Oil Co, 
Ohio. Anal. Chemi., 21, No. 737-743 
(1949) June. 

ing apparatus adaptable the 
oxidation test for lubricating oils. 
lative information obtained 
oxidation characteristics the lubricat. 
ing oils. The procedure can used 
study the use corrosion inhibitors 


combination with corrosive detergent 
type 


The Use Silver/Silver-Chloride Ref. 
erence Electrodes Dilute Solutions, 
“Electrode Processes.” Dis- 
cussions the Faraday Society, 1947, No, 
320-325; discussion, 325-328. 

Shows that 
electrode suitable for use corrosion 
85° and dilute solutions containing 
little ppm chloride. Points out 
desirability corrosion studies being 
able compare directly 
measured different temperatures. Dis- 
cusses basis which such comparison 
may 


Solderless-Type Wire Terminals. 
Aircraft Marine Products, 
Elec. Mfg., 104-109-+ (1949) 
May. 

Special surface treatment can used 
add corrosion resistance all types 
copper treminals. Stability con- 
ductivity sufficiently high 
brated leads for shunt 
may terminated with the corrosion- 
proofed solid conductor type terminals 
without fear later instability. Graph 
shows process produces stable electric 
junction and lower electrical resistance. 
stances are evaluated measuring 
junction resistance, temperature rise and 
voltage drop rated current under 30- 
day salt spray test, with readings taken 


the end successive 3-day 
NCO. 


Satisfactory Salt Spray Cabinet De- 
sign. Report the Mineral Dressing and 
Metallurgical Laboratories, 
Mines (Canada) Investigation No. 2518, 
17th February 


The research described here was 
formed under the sponsorship 
National Research Council Associate 
Committee Corrosion Research and 
Prevention for the purpose determin- 
ing whether not the salt spray cabinet 
the Bureau Mines conformed 
every respect with present day require- 
ments. The experimental procedure 
presented, and the results obtained are 
tabulated. view the conclusions 
drawn, the use salt spray cabinet 
the design shown diagram accom- 


panying the report recommended. 
—ALL. 


Insulation Dissimilar Faying Metal 
Surfaces. Western Met- 
als, No. 22-23 (1947). Chem. Abs., 41, 
3423 (1947). 

Among dissimilar substances studied 


were Dural with cadmium plated 
1025 steel, AMC52S-H magnesium with 
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18-8 stainless steel, mag- 
nesium with Dural, and 
AMC52S-H magnesium with 
Alclad. All specimens were assembled 
with cadmium-plated bolts which were 
dipped chromate primer and 
inserted while wet; aluminum wash- 
ers were used under the bolts and nuts. 
After assembly specimens which 
tained magnesium were given four coats 
primer. When thoroughly dry 
they were suspended with glass hangers 
salt-spray cabinet. Dural 
odized and coated with two coats 
was given one coat primer. 
Stainless steel was rinsed HNO; 
for two min. and given two coats 
primer. Aluminum cadmium 
plated steel group showed 
after 1007 hr. salt spray. Magnesium 
aluminum combinations showed signs 
corrosion after hr. and excessive 
corrosion after 255 hr. 


Tropicalization Radio and Radar 
win, Air Material Command, Con- 
tract No. W33-038-ac-14479 (16030), 1948; 
Prev. Det. Abs., Lac 6-8 (1949). 

Films clear vinyl resin lacquer 
and clear p-phenyl-phenolic varnish 
were tested for wet scratch resistance, 
breakdown voltage and weight loss 
gain, under artificial exposures. The re- 
sults are compared with the effect 
tropical exposure. p-Nitrophenol and 
diiodosalicylic acid (fungistatic agents) 
were exposed heating 85° and 
100° and leaching distilled 
water. The effect U.V. light fungi- 
static coating material films was also 


Tropicalization Radio and Radio 

win. Air Material Command, Con- 
tract No. W-33-038-OC-14479 (1948); 
Prov. Det. Abs., and (1948); 
cf. Review, 330, 421 (1948). 
Accelerated laboratory tests trop- 
ical serviceability fungicidal coating 
materials included days 30° 
96-8% R.H.; days hrs. 25° 
50% R.H.; hrs. 30° 96-8% R.H.; 
days 85° This treatment did not 
produce all the physical changes occur- 
ting during months’ natural exposure. 
The days 85° lowered the toxicity 
most fungicides. Combinations 
salicylanilide and 
benzoic sulphimide, 3-dichloro-naph- 
thoquinone-1, and 5-di-iodo-salicylic 
acid and ethylene thiocyanate were re- 
sistant heat. The activity fungi- 
cides was dependent the medium 
which they were used. Preliminary re- 
sults tests cycling between —55° 
under vacuum and 30° 96% R.H. 
are 


Effect Temperature the Rate 
Blister. Failure Finishes Steel 
Water Immersion Tests. 
Wray. ASTM Buil., 1949, 53-55, 
Mar. 

Presents data obtained during cooper- 
ative test program. Temperatures 100, 
110, and 120° were 


The Progress Failure Metals 
Traced Changes Magnetic and 
Electrical Properties. Cava- 
NAUGH, Cyclograph Services Ltd., Toronto. 
ASTM Proc., 47, 639-650 (1947). 

relative changes magnetic and 
eddy-current losses 
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beam endurance tests were determined 
for six metals loads above and below 
endurance limit. loads 
limit, easily detectable changes these 
losses occur. certain applications this 
fact may used predict whether 
particular part will fail normal serv- 
ice. There is, however, possibility 
estimating the remaining endurance life 
this method. significant difference 
endurance life produced increas- 
ing the speed testing, even though 
the amount slip the metal mate- 
rially reduced. This method may 
possibly useful estimate the rate 
Tests were performed 
specimens with Avery rotating-beam 
fatigue machine. Mont Cyclo- 
graph, essentially very sensitive oscil- 


(Steve) DAY 


lator, was used determine and record 
changes magnetic and electric proper- 
ties the samples. The field the 
Cyclograph test coil the order 
oersted. The test frequency was 5000 
cycles. 


Review Methods for Non-De- 
structive Coating Thickness Determina- 
26, No. 209-15 (1949) June. 

Magnetic and inductive meters; cali- 
bration. 


Corrosion Testing. AND 
Chem. Eng. Prog., 43, No. 
315-326 (1947). 

review factors that may influence 
corrosion, and general considerations for 
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planning and evaluating corrosion tests. 


Variation Standard Electrode Po- 
tentials With Temperature. 
DELL. Nature, 162, 995-996 (1948) Dec. 25. 


Gilbert recently has directed attention 
the desirability corrosion studies 
being able directly compare potentials 
measured different temperatures. Pre- 
sents theoretical analysis which indicates 
that the potential the standard hydro- 
gen electrode any other electrode does 
vary with 


The Effect Nickel the Corrosion 
Resistance High Purity Magnesium- 
Base Alloys. Davies. Magnesium 
Rev. and Abs., 46-52 (1948) Jan. 


Experimental results corrosion 
specimens three British magnesium 
alloys (two containing aluminum) 
which 0.02% nickel has been added 
are presented. The samples were im- 
mersed for two weeks sodium 
chloride solution saturated with magne- 
sium hydroxide—BLR. 


Metal Thickness and Corrosion Ef- 
fects; Inter-Relations With Aluminum 
and Its Alloys. Met. Ind., 
74, 7-9, (1949) Jan. 

Corrosion tests usually are made 
relatively thin metal. Allowance must 
therefore made for this applying 
the results such tests the greater 
thicknesses used service. Data this 
effect are tabulated and methods allow- 
ing for differences thickness are dis- 
cussed.—BLR. 


Rate the Primary Step Aluminum 
Oxidation Room Temperature Low 
Pressures. (In Russian.) 
CHENKO AND Doklady Aka- 
demit Nauk USSR (Reports the Acad- 
emy Sciences the USSR), new ser., 
62, 353-356 (1948) Sept. 21. 


The above was studied, using spe- 
cially developed method. Data from com- 
parative investigation the prmary oxi- 
dation step for series metals indicate 
certain basic regularity, according 
which the formation, the surface 
the metal, one- two-molecule 
oxide layer results basic changes 
the properties and behavior such 
layer. Ten 


Laboratory 
Methods 


Polar-Type Rust Inhibitors; Methods 
Testing the Rust-Inhibition Properties 
Eng. Chem., 41, 137-144 (1949) Jan. 


Theory outlined previous paper 
used show that the various methods 
used emphasize different variables. 
concluded that single test can suffice 
for all needs. The turbine-oil rusting test, 
the static water-drop corrosion test, and 
the fog-cabinet corrosion test are de- 
scribed and recommended; the latter two 
being new. Data are given for number 
different types inhibitors and in- 
hibited fluids. The stability rust-in- 
hibited fluids discussed, and present 
limitations low-temperature solubility 
and long-term storage properties are out- 
lined. Need for more research the 
colloidal properties nonaqueous fluids 
pointed out. Test specimens were made 


1/32-in. thick cold rolled steel sheet 
(SAE 10207). Specimen-forming appa- 
ratus illustrated. 


Tube Insulation and Corrosion. 
MAN. Teknisk Tidsskrift, 78, 341-345 
1948) May (In Swedish). Iron 
Steel Inst., 169, Pt. 230 (1948) Oct. 


Loss-of-weight corrosion tests were 
carried out short lengths steel tube 
which were cleaned and insulated with 
various materials then immersed wa- 
ter. Further tests were made speci- 
mens insulated and wrapped with felt 
and other materials. Corrosion rate 
unwrapped insulated tubes decreased with 
time, whereas for insulated 
tubes increased. Tubes insulated with 
slag wool and cotton wadding corroded 
more rapidly than those insulated rock 
wool and glass wool, and corrosion was 
greatest magnesia-insulated tubes.— 


INCO. 


Simple Form Accelerated Atmos- 
pheric-Corrosion Test. St. PRESTON. 
Iron Steel Inst., 169, No. 286-294 
(1948). 

test described which specimens 
are subjected corrosion warm 
humid atmosphere containing sulphur 
dioxide. The specimen suspended 
beaker containing little water, the bot- 
tom which heated thermostat- 
ically controlled electric heating element 
and the top which cooled water 
jacket; this arrangement maintains at- 
mospheric saturation the top the 
beaker reasonably constant tempera- 
ture. The water jacket unnecessary 
the higher working temperature. The 
beaker covered lid unplasticized 
Perspex, inch thick. sulphurous 
atmosphere required, sodium sulphite 
and acid are used the water satu- 
rated with sulphur dioxide. wide range 
operating temperature available, but 
solution temperature not less than 
45° desirable ensure adequate con- 
densation the specimen. Results ob- 
tained with various steel specimens are 
presented.—MA. 


Method Testing the Durability 
Corrosion-Resistant Coatings Steel 
Under Alternating Stresses. (In Rus- 
BERG. Zavodskaya Laboratoriya (Factory 
Laboratory), 14, 1247-1250 (1948) Oct. 

Describes fatigue-test machine ap- 
plicable the investigation the above. 


Method testing and results obtained 
are indicated.—BLR. 


CORROSION TYPES AND 
INFLUENCING FACTORS 


General 


Some Factors Influencing the Corro- 
sion Resistance Aluminium. 
West. Metallurgia, 39, No. 232, 210-214 
(1949) Feb. 

Discusses the role the oxide film; 
resistance different forms corro- 
sion: pitting, attack, 
general and galvanic corrosion; protec- 
tive measures. 


Crystal Structure Corrosion Factor. 
Foundryman, 14, No. (1948).— 
MA. 


The Effect Wetting: Influe 
Non-Attacking Liquids the 
picks. Rev. Met., 45, Nos. 1/2, 9-18 

Presented the Société 
Métallurgie. The effect normally nop. 
corrosive liquids and moist vapor 
the breaking stress number 
materials, including some metals, was 
investigated. The effect not always 
the direction lowering the breaking 
stress; may actually increase 


You Know About Fretting 
sion? Diesel Power, 27, 38-43 
(1949) Mar. 


Discussion nature and causes 
fretting corrosion (false brinelling, fric. 
tion oxidation) case antifriction 
bearings. Precautions recommended 
reduce incidence fretting corrosion, 


—INCO. 


Fretting Corrosion. Tech- 
nical Research Division, Texas Co., New 
Lubrication, 34, 25-36 (1948) 
Mar. 


The nature, mechanism, 
tion fretting corrosion are discussed, 
particularly from the aspect lubrica- 
tion. 


Fretting corrosion, also known 
false brinelling friction oxidation, 
the particular type corrosion 
oxidation occurring the contact areas 
loaded metal surfaces subject oscil- 
latory vibrating motion. Necessary 
conditions for fretting corrosion occur 
are load, motion, even though only 
the order molecular dimensions, 
and the presence oxygen, even 
only slightest amounts, such that 
dissolved lubricants absorbed 
the metal. Where steel iron parts are 
involved, undoubtedly product 
fretting corrosion, X-ray diffraction 
offering fairly positive identification. 
Electrolytic conditions, such the pres- 
ence ionized solution and the set- 
ting electrolytic circuit, are 
not required, the 
being more direct than galvanic corro- 
sion. 


Fretting corrosion mechanical rather 
than chemical, although 
agree its exact mechanism. Two 
theories, both emphasizing slipping 
the real cause, are proposed; one in- 
volves severance cohesion 
between the surface molecules leading 
high local heat oxidation, the other 
suggests that successive production and 
rubbing off surface oxide films 
responsible for the wear. There ample 
evidence that the mechanism may pro- 
ceed either way, depending upon the 
factors involved. 


antifriction bearings, higher normal 
pressures result greater frictional 
heat and larger contact areas 
the balls rollers and races. 
machined parts, especially 
ting due induced externally 
imposed vibrations, increase 
face pressure may reduce eliminate 
the motion and the severity corrosion. 

Fretting corrosion increased whet 
surfaces are more highly finished. Steel 
surfaces the same degree surface 


finish exhibit greater corrosion than 


two differently finished surfaces 
the same conditions. Similarly, surfaces 
like materials are more susceptible 
than those unlike materials. Stainless 
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materials, and nickel are 
among the most resistant. Chromium 
plating one the surfaces some- 
times effective reducing fretting 
corrosion. 

Since there single general solu- 
tion for all fretting problems, elimination 
modification one both factors 
mainly responsible, motion 
seems the best approach. Other 
suggested solutions include elimin- 
ation exclusion oxygen contact 
surfaces, though this frequently im- 
lubrication surface coating, 
lead-plate shear coating 
lubricating oil, both applied with success 
treated surface increase friction and 
prevent slipping, shot peening, 
including gasket absorb motion 
without metal pick-up welding, 
increasing the hardness one both 
surfaces, inducing residual compres- 
sion stresses the contact surfaces 
through shot peening, rolling, nitriding, 
carburizing, and increasing motion 
the operative region degree suffi- 
cient maintain protective film 
lubricant. 

Low-viscosity lubricants with high 
film strength and high-viscosity oils are 
both effective, although submergence 
the former seems preferable. 


The Season-Cracking Copper Al- 
loys. Metals Handbook, 
Amer. Soc. Metals, 1948, 231-233. 


All copper alloys are susceptible 
varying degrees season-cracking, the 
mechanism which obscure although 
the factors involved are well understood. 
Methods detecting tendencies 
season-cracking are described, 
remedial measures. The chief the 
latter consists controlled heat-treat- 
ment reduce residual stresses; suit- 
able temp. and times for number 
alloys are 


Stress Corrosion. John- 
son, Matthey Co., Ltd., Research Labora- 
tories, Wembley, Eng. Nature, 161, 891-892 
(1948) June. 

Stress corrosion, also called season 
cracking, occurs only when susceptible 
alloys are internally stressed and kept 
specific corroding environments. 
These stressed alloys 
indiscriminately all corroding media; 
stressed brass does not crack 
nitric acid even though attacked 
and dissolved, but cracks readily 
air containing mixture ammonia, 
water vapor and carbon dioxide. The 
stressed alloys can stored indefinitely 
pure atmosphere. 

completely satisfactory explanation 
for this phenomenon has been presented, 
but suggested that the basic cause 
may selective chemical attack the 
grain boundaries, localized protec- 
tive film corrosion product over the 
faces the alloy crystals. This film may 
protective only when its structure 
corresponds the regular structure 
the underlying crystals. the grain 
oundaries, where the regular structure 
the alloy interrupted, discontinuities 
the adhering film can expected. 
The effect stress considered 
one widening the cracks first formed, 
thereby accelerating attack. 

Support given this theory the 
ehavior acidified ferric chloride 
alloys composed 37.5% gold and the 


ABSTRACTS 


remainder copper, silver, and zinc, cold 
rolled about 80% reduction thick- 
ness. This alloy cracks the chloride 
solution about min. If, however, 
sample protected one side with wax 
immersed that the exposed surface 
presses against small rotating brush, 
cracking can detected after 
min., although 
corrosion occurs. This behavior indicates 
the removal local protective film 
from the metal 


Erosion and Corrosion. 
Progress the Study Metal Surfaces. 
Chem. Age, 58, 207 (1948) Feb. 

Abrasion and erosion metal sur- 
faces have chemical well physical 
aspects, was pointed out 
Desch before the Chem. Eng. Group 


the Soc. Chem. Ind. (n.d.). 
polishing surface flow occurs, forming 
chemically reactive surface layer which 
absorbs foreign atoms the original 
crystalline metal could not. Bowden’s 
studies the stick-slip action metal 
surfaces and the significance the 
melting point metal-polishing mate- 
rials are reviewed. 
formed corrosion, electrolytic polish- 
ing, failure caused internal stresses, 
and alloy requirements for chemical 
engineering are also discussed. 


GATE. Met. Ind., 74, No. 167-8 (1949) 
March 

The last these three articles deals 
with the occurrence and avoidance 
corrosion soldered and welded joints, 


GRIP-TITE STEARNS— 
PIPE LINE ANCHOR ASSEMBLY 


“The Only Positive Expanding Anchor” 


The Grip-Tite Pipe Line Anchor Assembly with Stearns Pipe Saddle was originated and designed 
especially to meet your demand for positive and permanent hold-cdowns for all kinds of pipe line 
construction. They are particularly adapted to marsh and over flow lands as weights for your 


Galv. 


Grip-Tite earth anchors 
protect pipe coating! 


Certified Malleable 


pipe line. 


Grip-Tite Anchors cost only a fraction of 
cast iron or concrete weights. No heavy 
equipment is needed for their installation. 
They save time, labor and other handling 


Grip-Tite affords protection from 
heavy weight damage during instal- 
lation. An expansion joint pad pro- 
vides additional protection to pipe 
coatings. They are field proved beyond 
any doubt. 


Comparative cost charts 
are available upon 
request. 


Write for 
literature. 


GRIP-TITE ROCK ANCHORS 


Designed to meet the demand of the industry for perma- 
nent hold-downs in rock terrain for both pipe line and oil 
field construction. They are also adaptable as hold-downs 
in foundations and may also be used above ground in 
rock terrain in place of Grip-Tite Earth Anchors. Grip-Tite 
Stearns Pipe Line Anchor Assembly may be equipped with 
the Rock Anchor instead Earth Anchor, for above 
ground pipe line construction rock 


They are made CERTIFIED MALLEABLE and con- 
structed that when load is applied, expanding forces 
anchor wings against the walls of the hole to effect 
G positive grip at all times. Corrugations on the bearing 


surfuc2s of the wings prevent any slippage. The standard 
2” size expands to 25g” and is equipped with 34” rod; 


—— 


Anchor 
Expanded 


Grip-lite 


144” rod. Actual tests of 2’ size equipped with 34" rod 
show a breaking strength of 20,000 Ibs. 
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CORROSION 


and that due the byproducts 
moulds growing non-metallic surfaces 
close metals. also suggested that 
when metal article used under 
conditions where water may enter 
accidentally, provision should made 
for drainage take place 


GATE. Met. Ind., 74, No. 151-3 (1949) 
Feb. 25. 

The second part this article con- 
tinues the account galvanic corrosion 
and describes methods protecting 
necessary joints between dissimilar 
metals. These comprise the use in- 
sulating gaskets; sealing compounds 
(including zinc chromate paints); paint- 
ing over the joint; coating the joint 
with metal which should preferably 
anodic both the other metals. 
Zine and aluminum spraying frequently 
are used, and the use chemical 
electrochemical treatments reduce 
the risk contact corrosion. The an- 
The interposition soft material such 
thin coating aluminum paint, 
the elimination slip roughening 


serrating the faces contact. Shot 
peening also may 
—ALL. 
Factors 

Biological 


Corrosion Iron and Steel Associated 
with the Presence Sulfate-Reducing 
Bacteria. (Rept. (Great 
Britain Admiralty, Corrosion Comm., 
Hull Corrosion Subcomm.); Prev. Det. 
Abst,. No. Met. 214 (1948). 

Anaerobic bacteria were found steel 
mine shells the Malayan waters, 
growing most rapidly mines lying 
the sea bed. The bacteria developed 
cable tanks shore and holds 
cable ships; they caused serious trouble 
the water seal gas holders and 
contaminated the gas supply with hy- 
drogen sulfide; they perforated gas and 
water mains one-half inch thick seven 
nine years, condition aggravated 
the practice wrapping the pipes with 
sacking before covering with pitch. Mild 
steel wire bolster cages used making 
causeways were seriously corroded 
the bacteria. Ferrous sulfide has been 
found beneath paint film, and Sporov- 
ibrio desulfuricans were isolated from 
this material. Linseed oil, present 
some hull paints, good source 
food. Little work appears have 
been done the relative susceptibility 
various steel alloys the effect 
physical treatment iron and steel 
relation its corrosion resistance 
anaerobic bacteria. Conditions necessary 
for growth the sulfate reducing bac- 
teria include anaerobic environment, 
presence inorganic sulfates, and 
supply nutrient organic material. Sul- 
fate-reducing bacteria also have been 
isolated from number species 
fouling organisms which presumably act 
carriers and reservoirs decaying 
organic nutrient material. (No more in- 
formation abstract.) 


Influence Micro-Organisms the 
Corrosion, 23, No. 275/276, 177- 


183; discussion, 183 (1948). Cf. Inst. 
Metals, 75, (1949). 

Summarizes work carried out 
the laboratories the British Non-Fer- 
rous Metals Research Association and 
elsewhere, the influence bacteria 
the corrosion metals. Bacteria can 
affect corrosion three ways: 
producing corrosive substances, 
producing corrosion accelerators, and 
acting directly the metal, the cor- 
rosion reaction which forms part 
the metabolic cycle the bacteria. The 
influence bacteria condenser-tube 
corrosion and the corrosive power 
sea water discussed. distinguishes 
between three kinds bacteria: sul- 
phate-reducing bacteria; sulphur-ox- 
idizing bacteria; and bacteria produc- 
ing carbon dioxide ammonia. The 
properties each group are described. 
Methods combating bacterial corro- 
sion are considered. 
references 


Microbiological Deterioration Or- 
ganic Materials: Its Prevention and 
Methods Test. Nat. Bur. 
Stand. Misc. Publ., No. 188, pp. (1948). 

detailed review the literature 
the microbiological deterioration org., 
and fibrous materials (wood, leather, 
textiles, plastics, lacquers, etc.). 
cussion test methods, and the prob- 
lems involved evaluating fungicides 
given, and fungicides for 
poses are rated with regard efficiency. 
179 


The Isolation and Cultivation Sul- 
Microbiology, No. 46-59 (1949) Jan. 

useful paper for bacteriologists in- 
vestigating the growth sulphate-reduc- 
ing bacteria. Indicates the optimum con- 
ditions for obtaining pure cultures and 
maximum growth. Describes morphology 
various types sulphate-reducing 
bacteria.—BNF. 


Factors 
Physical and Mechanical 


The Effect Additions the Stress- 
Corrosion Resistance Aluminum-Zinc- 
Magnesium Alloys Containing 4.5% 
and 3.5% Magnesium. 
Metallkunde, 39, 247-253 (1948). 


The effect iron, silicon, manganese, 
copper, vanadium, man- 
and 
were evaluated alternating stress 
tests sea water and sodium chloride 
solution and endurance limit tests 
sodium chloride solution 70° 
air 40° and air 
under normal room temperature condi- 
tions. Copper, manganese, manganese+ 
vanadium and copper+vanadium de- 
crease susceptibility stress corrosion; 
iron, silicon and 
vanadium have little effect, and vanadium 
has greater effect than any element studied. 
Complete data are 


Corrosion Resistance Powder-Cut 
Union Carbide Carbon Res. Labs., 
Inc. Paper before AWS, Nat. Metal 
Cong. Exposition, Philadelphia, Oct., 
1948. Steel, 123, No. 16, 200, 202 (1948) 
Oct. 18. 

Discussion Condition .kerf and 
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heat-affected zones powder-cut edge 
cut beveled edges, and minimizing 
heat effects means water-quenching 


applied simultaneously with cutting op. 
eration. Zone adjacent cut face 
chemically altered powder Cutting 
process not more than 0.03 inch thick 


and this zone removed 


grinding. Preparation beveled plate 


cutting does not increase severity 


affected zone when subsequently 


manual submerged melt meth. 


Some Mechano-Chemical Properties 


Research, No. 19-28 (1949) Jan. 

similarity has been found 
between the atomic structures water 
and glass; this analogy, cavitation 
presumed produce hydrogen and 
droxyl ions which cause corrosion; the 


effect foreign substances cavitation 


also 


the Relationship Between Stress 
and Temperature Stress-Corrosion, 
GUNTER WASSERMANN. Metallkunde, 
No. 66-71 (1948). 

Results stress-corrosion tests, 
various corrosive media, plain and 
austenitic steels, aluminum 
nesium-base alloys, show 
that straight-line relationship ob- 
tained when the stress (5-50 
plotted against life (in hr.) 
scale; similar relationship 
when temp. (20°-100° C.) substituted 
for stress. both cases work-hardened 
material shows smaller endurance and 
greater slope towards the axes than 
does annealed material. spite this 
between stress-corrosion and 
temp., discretion must used elevated 
temperatures (up 100° are em- 
ployed reduce the time testing 


High-Temperature Attack Various 
Compounds Four Heat-Resisting Al- 
loys. N.A.C.A. Tech. 1731. 
RISON, Bur. Std., Oct. 1948. pp. pp. 
tables, photographs. 

study the corrosive reaction 
common ceramic coating ingredients with 
Hastelloy S-816, S-590 and Haynes 
Stellite No. showed that the high- 
molybdenum alloy, Hastelloy was the 
most susceptible the four alloys 
heavy atack the more corrosive coat- 
ing ingredients when heated air for 
hours 1500° The most corrosive 
compounds were the alkalies, lead com- 
pounds and some the alkaline 
Alkalies did not attack Hastelloy 
oxide helium, indicating that reaction 
not with the alloy itself but with the 


oxide film formed heating the alloy 


air. 


The Effect Addition Elements 
the Oxidation Nickel and Chromium- 
Nickel Alloys. Horn. Metallkunde, 
40, 73-77 (1949). 

Additions beryllium, calcium, 
num, silicon, titanium, zirconium, cobalt, 
thorium, chromium, molybdenum, 
sten, manganese, copper and gold 
nickel and titanium, columbium, 
conium, tantalum, cerium and calcium 
chromium-nickel alloys are considered. 
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Resistance oxidation increased 
roportion the atomic radius the 
added metal well the nature 
the oxide formed and the rapidity its 


Quantitative Evaluation Intergranu- 
lar Corrosion 18-8 Titanium Steel. 
FreeMAN Trans. ASM, 39, 
(1947). 

quantitative method has been de- 
for predicting intergranular cor- 
rosion 18-8 titanium steel under given 
set conditions. The method based 
microstructure and chemical compo- 
sition and may possibly applied 
other grades stainless steels. 

Titanium columbium added 
stainless steels minimum amount 
four and eight times the carbon content, 
respectively, prevent intergranular 
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corrosion. Such addition ties the 
carbon stable titanium colum- 
bium carbide. The additive must ade- 
quately combine with the carbon before 
the material subjected subsequent 
sensitizing temperatures because the car- 
bon excess the solid solubility limit 
then will precipitate chromium car- 
bide. Such precipitation produces 
material potentially subject intergran- 
ular corrosion. 

The basic work for this study was 
made 18-8 titanium steel. All em- 
brittlement test failures could 
tributed insufficient combination 
carbon with titanium. The amount 
titanium carbide present could not 
explained the results many em- 
brittlement tests. definite relationship 
was found between the chromium con- 
tent the steel and the amount free 
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This improved Williamson Pipe- 
line Casing Insulator approxi- 
mately centers the line pipe 
the casing. This removes support 
pipe from Williamson Seal 
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addition, William- 
son Pipeline Casing 
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carbon per inch grain boundary per- 
imeter. This free carbon defined 
the total carbon the steel minus the 
amount combined with the titanium and 
is, therefore, the amount carbon free 


combine with the chromium during 
sensitization. 


When values for chromium content 
were plotted against values obtained from 
the embrittlement tests for free carbon 
per inch grain boundary per square 
inch structure, samples 
factory behavior could divided from 
unsatisfactory ones straight line. 
mathematical treatment the data 
shows that before embrittlement can 
predicted the amount carbon com- 
bined with titanium must considered 
its relationship both grain size and 
composition. The relationship which was 
found permits rationalization hitherto 
unexplainable failures the embrittle- 
ment test 18-8 titanium steel having 
the specified titanium/carbon ratio. The 
influence grain size the intergranular 
corrosion 18-8 appears explained 
lessening the chromium carbide 
concentration the grain boundaries 
fine-grain steel; with decreasing grain 
size, the grain boundary area increases 
and presents greater region over which 
given amount precipitating chrom- 
ium carbide must distributed. This 
effect most pronounced relatively 
short sensitizing treatments. limited 
amount intergranular chromium car- 
bide precipitation can occur without 
causing failure. 


The formula which was derived may 
somewhat cumbersome handle 
its present form routine work, but 
standard tables can computed which 
give the limiting free carbon content for 
any grain size and chromium content. 
believed that the results can ap- 
plied 18-8 columbium even plain 
18-8 because the method can used 
compute the permissible maximum 
free carbon, irrespective the presence 
stabilizing elements. Comparison 
this maximum with the actual free car- 


bon should indicate the expected be- 
havior.—PDA. 


Propeller Characteristics Under Non- 
BERGER, U.S.N. AND COMMANDER 
U.S.N.J. the Amer. Soc. Naval 
60, 461-472 (1948) Nov. 

This article accompanied photo- 
graphs which demonstrate that cavita- 
tion screw propeller under non-axial 
flow varies with blade position and does 
not remain the same the blade makes 
its complete revolution. Therefore, 
addition the generally accepted con- 
ditions, the degree cavitation depends 
blade position when the entering flow- 
lines are not parallel the propeller 
axis. The investigation conducted 
result this observation showed that 
cavitation occurs earlier (at lower slip) 
under non-axial flow. Since propeller 
characteristics are often determined from 
propeller tunnel tests the discrepancy 
between predicted and actual starts 
cavitation has been source concern 
propeller and ship designers. fur- 
ther manifestation the fundamental 
nature this phenomenon has been the 
disparity between the power absorbed 
each propeller twin screw vessel 
having different shaft declivities and 
therefore different angularity between 
flow lines and propeller axis. After the 
observation the varying degrees 


cavitation with blade position, the inves- 
tigation was diverted analysis 
this cavitation phenomenon. was de- 
termined that the reason for the varying 
degree cavitation the blade rotated 
was the varying angle attack between 
the blade section and the entering flow 


Erosion-Corrosion Metals and Al- 
loys. Fontana AND LUCE. 
Corrosion, No. 189-193 (1949) June. 

The accelerated deterioration metals 
and alloys under the combined effect 
corrosion and erosion due the con- 
tinuous mechanical removal the pro- 
tective layer passive materials which 
develop the result the chemical 
reaction between metal 
medium. The reproduction conditions 
encountered practice important 
the choice materials and design and 
led the development testing ap- 
paratus consisting 30-gal. glass-lined 
tank, neoprene hoses, Chlorimet 
pump, nonmetallic housing for the 
erosion-corrosion specimen, and auxiliary 
equipment. The type test made pos- 
sible with this equipment reliable for 
predicting actual service-behavior fer- 
rous and nonferrous metals. illustra- 
tions.—TDD. 


The Stress-Corrosion Aluminum 
Metals Handbook, Amer. Soc. Metals, 
1948, 228-231. 

The stress, electrochemical, environ- 
mental, and other factors involved 
stress-corrosion are described, and the 
susceptibility otherwise aluminum 
alloys discussed type type. The 
stress required cause stress-corrosion 
high (one-half three-quarters 
the yield strength), and residual stresses 
are more likely the cause than 
service stresses. Pure aluminum, alumi- 
num casting alloys, lower-strength non- 
heat-treatable and heat-treat- 
able wrought alloys are not prone 


The Stress-Corrosion Magnesium 
Alloys. Hunter. Metals Handbook, 
Amer. Soc. Metals, 1948, 234-237. 

Service failures due stres-corrosion 
have not been reported any magnes- 
ium casting alloy the wrought al- 
loy (1.5% manganese), but the alloy 
AZ61X (6.5% aluminum, zinc) can 
extremely susceptible certain physi- 
cal conditions. Alloy AZ31X (3% alumi- 
num, zinc) less sensitive than 
AZ61X, but not immune under all con- 
ditions. Improvement can effected 
suitable heat-treatment, and liability 
stress-corrosion does not limit the struc- 
tural applications magnesium alloys. 


Concerning Intercrystalline Corrosion 
Low-Alloy Steels Nitrate Solutions. 
Herzoc. Corrosion, 24, 29-42; 
Disc. 42-44 (1949) Feb. (In French.) 

The above was investigated for steels 
containing 2.3% chromium and 0.8% 
aluminum max. amounts, the form 
castings, rolled sheets and welds. In- 
fluence heat treatment, cold working, 
and decarburization and resulting crys- 
talline structure were determined. Ex- 
plains mechanism intercrystalline cor- 
rosion. Data are tabulated and charted. 


High Temperature Corrosion Met- 
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Inst. Tech., Paper before NACE, 


Conf., Cincinnati, Apr. 11-14, 


sion, No. 227-233 (1949) July, 
Discussion experimental work under 
sponsorship Office Naval 
reactions gases with metals high 
temperature includes forms attack 
scaling growth laws, adherence scak 
metal, thermal expansion and 
characteristics scale formation. Ap. 
cepted theories which endeavor 
plain scale reaction, courses and 
and application these 
problems are reviewed well 
temperature variations, pressure, 
eign components gas phase, 
conditions, and rate flow the 
course the reaction. references— 


INCO. 


Corrosion and Mechanical Wear. 
German). 
29-32 (1949) Feb. 

Describes and illustrates reciprocal 


fects the above steels. Data are 


Effect Additions the Oxidation 
Nickel and Chromium-Nickel Alloys, 
Zeit. Metallkunde, 40, 73-76 (1949) 

eb. 


Effect numerous elements be- 
ium-nickel 1200° was studied. Effect 
produced depends the way which 
the foreign element fits into the crystal 
lattice the material which 
added. Effect increases with difference 
atomic radius between and the 
nickel chromium-nickel alloy. nickel 
the fitting second element into the 
lattice reduces the oxidation resistance. 
chromium-nickel alloys third 
ment increases rate diffusion 
chromium atoms, and causes rapid for- 
mation protective layer chromium 
oxide, which the basis the oxidation- 


resisting characteristics these alloys. 
—INCO. 


Factors 


Thermal Treatment Aluminum Al- 
loys. Jr. ASM, “Physical Metal- 
lurgy Aluminum Alloys,” 1949, 
240. 


Summarizes objectives; describes 
terms; and discusses treatments under 
the following headings: annealing, 
covery, preheating, solution heat 
ment, quenching, aging 
Also considers effects thermal treat- 
ment corrosion resistance and 
sents explanation the Alco 
designation for cast and wrought 
ucts. 


Non-Corrosive Soldering Flux for Uni- 
DeRosa; Foster Snell, Inc., 
York and Chester Snell. (Report 
Dept. the Army, Contract 
(1948) June. 


Summary Report 

very active, noncorrosive 
bright and slightly oxidized 
brass, and tin plate consists 
holic solution 25% Teglac-128 
bromide, 1.2% glycerol, and 10% amy: 
acetate. aqueous flux, made 
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hydrated tin 
mine, and wetting agent, useful for 
soldering the above metals and stainless 
steel but markedly corrosive. num- 
ber flux pastes containing tin tetra- 
chloride, triethanolamine, and amylphos- 
acids vehicles lanolin, 
petroleum jelly, and Alox Compound 
325 are useful for stainless steel but are 
not recommended because their cor- 
rosiveness. 

Five representative fluxes containing 
rosin and Teglac-128 resin and one flux 
containing Alox Compound 325 mono- 
amyl acid phosphate are fungus resistant 
their residual states; their raw 
states, however, all but paste flux 
sample support mold growth. 

new test for evaluating flux corros- 
namely, the electrical conduc- 
tivity flux solutions, gave results 
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which correlated only roughly with 
water-extract conductivity data. the 
corrosion-current test, good correlation 
current and intensity accelerated 
corrosion with other exposure data was 
obtained when glass rod was used 
flux carrier along with specially de- 
signed specimen holder and guarded 
testing circuit 100% relative humidity 
plus dew and about 30° 

Mildew resistance was tested accord- 
ing specification JAN-C-173 (Coating 
materials, moisture- and fungus-resistant, 
for the treatment communications, 
electronic, and associated electrical equip- 
ment) using Aspergillus niger, flavus, 
Trichoderma-T-1- 
USDA, and Chaetomium globosum test 
fungi. Although attempt was made 
increase the inhibitory power the resin 
fluxes, small amounts certain fungi- 
cides such trioxmethylene (trioxane), 
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tricresyl phosphate, and the Dowicides 
might added without impairing their 
fluxing properties. 

PDC Comment: This summary re- 
port the eighth series progress 
reports file the Center. The first 
report the series provides theoretical 
are surveyed the classification metal 
joining processes, the problem surface 
cleanliness soldering, the mechanism 
bonding solder and that flux 
action, materials used soldering fluxes, 
and methods testing flux efficiency. 
The bibliography lists 194 original jour- 
nal articles and 247 American and British 


Corrosion Resistance Powder-Cut 
Union Carbide Carbon Res. Labs. 
Paper before AWS, Ann. Mtg., Philadel- 
phia, Oct. 24-29, 1948. Welding J., 28, No. 
104s-105s (1949) Mar. 

Heat affected zone powder-cut edges 
may eliminated using stabilized 
extra-low-carbon stainless steels 
annealing powder-cut unstabilized stain- 
less steels. Powder cutting produces 
heat affected zone underlying powder- 
cut surface only unstabilized steels. 
Full corrosion resistance restored 
proper annealing heat treatment 
removing some metal from cut edge 
plates. Corrosion resistance stabilized 
stainless steels unimpaired powder 
cutting. When powder cutting used 
form metal and further treatment 
applied, heat effect can mini- 
mized eliminated means sup- 
plementary water quench accompanying 
cutting use certain steels such 
Types 347 304. Electron micro- 
graphs and tables are 


Corrosion-Resistant Steels. 
60, No. 12, 27-28 
(1948). Brit. Abs., BI, 488 (1948) Sept. 

Steel containing 12-14 chromium may 
hardened and fairly rust-resistant. 
16-30 chromium may cause hardening 
because chromium narrows austenitic 
range, but such alloys are more work- 
able than 18-8 chromium-nickel steel. 
18-8, carbides draw their carbon from 
whole crystal, but their chromium form 
outer zone alone, hence intercrystalline 
corrosion may occur with risk un- 
suspected fracture. Addition 2-4% 
manganese improves resistance acids 
and increases strength high tempera- 
tures. Addition silicon has little 
effect corrosion resistance, except 
respect hydrogen chloride. Nitrogen 
increases strength, tenacity and creep 
limit. Alloys with manganese are finding 
favor substitute for nickel, those 
with higher chromium and nickel show 
improved resistance oxidation and 
mechanical strength high temperatures 
and those containing cobalt (Vitallium) 
and nickel (Hastelloy) show great 
strength high temperatures and good 
resistance chemical 
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General 


Formation Photographically Active 
Particles during Atmospheric Corrosion 
Metals. Roikh. Doklady Akad. 


Nauk, U.S.S.R., 63, No. 119-122 (1948) 
Nov. 11. (In Russian). 

The atmospheric corrosion alumi- 
num, magnesium and zinc over periods 
days was investigated placing 
the metals, filings, mm. away from 
photosensitive surface. The optical 
density the image obtained was then 
measured.-—BNF. 


Chemicals 
Inorganic 


The Effect Concentrated Nitric Acid 
Ferro-Silicon Coated Steel. 
MANN-JESNITZER. Metall., No. 15/16, 264- 
265 (1948) Aug. (In German.) 

Although iron-silicon coating 
steel has good adhesion, does not pro- 
tect the steel against corrosion con- 
centrated nitric acid room tempera- 
ture. The attack follows the grain boun- 
daries the coating 
only slightly into the steel—BNF. 


Chem. Eng., 55, No. 11, 145-147 (1948) 
Nov. 

Gives corrosion rates under plant con- 
ditions for nickel, Monel, Inconel, Has- 
telloy, chemical lead, cast iron, steel, 
etc., solutions ammonium sulphate, 
aluminum sulphate, non-oxidizing and 
oxidizing acid sulphates. 


Resistance Wood Corrosion 
Hot Chemicals. NARAYANAMURTI 
RANGANATHAN. Indian Forest Leaflet, No. 
101. Brit. Chem. Digest, Nos. 180-181 
(1949) Mar. 


Description results experiments 
resistance cypress hot chemi- 
cals and effect various treatments 
prevent corrosion wood hot chem- 
icals. Chemical solutions were water, 
and 10% sulfuric acid, and 10% 
hydrochloric acid, and and 
sodium hydroxide. Protective materials 
were Bitumex paint, creosote, cashew 
nut shell oil, cashew nut shell oil paint, 
and phenol-formaldehyde resin. Results 
strength tests are shown and sum- 
marized tables. strengths water- 
soaked controls for treatments are com- 
pared, best results are given cashew 
nut shell oil and phenol-formaldehyde. 
strengths are considered percent- 
age untreated controls, phenol-formal- 
dehyde proved 


Catalytic Oxidation Sulphur Di- 
Soc. Chem. Ind., 67, Nos. 10, 11, 369-373, 
401-404 (1948) Oct., Nov. 

Part gives the rates catalytic 
oxidation surfaces mild steel, alu- 
minum sprayed steel, and aluminized 
steel (sprayed with cadmuim-aluminum 
alloy, followed heat treatment 
850°). Part presents further data 
the reaction steel surface, and in- 
cludes appendix the microscopical 
examination 


Chemicals 
Organic 


The Action Nitrosyl Chloride 


Some Metals and Their Compounds. 


Soc., 1948, 1952-1958, Nov. 


The action nitrosyl chloride 
minum, gallium, indium, thallium, some 
their halides, and thallous nitrate 


nitrite was 


des Metaux par les 
tribution the Study the Corrosion 
SCHLAPFER AND BUKOWIECKI. 
Corrosion (France), 23, No. 280, 


(1948) Dec. 


The fuels examined were various 


hols, acetone, ethyl acetate 
They were tested individually and 
mixtures; each case the effect 
added traces water was determined 


The metals tested were iron, aluminum, 


zinc, lead, copper and magnesium 
loy. Samples the metals were 


week. general, was found 
water-free fuels had only weakly cor. 
rosive action, even though 
Where water had been added, however 
rather thick films were found the 
metal 


Corrosion des Metaux par les Liquides 
Organiques. (Corrosion Metals 
Corrosion (France), 23, No. 280, 
(1948) Dec. 


This paper reports the start 
tailed study the corrosion metals 
organic liquids. The first part 
with the action fatty acids dissolved 
organic solvents copper, 
num, tin, nickel and cadmium. The 
attacked only when 
water are both present. The second 
describes the action carbon 
metals, with particular reference the 
mechanism the attack zinc. the 
absence moisture this attack very 
slight. The third part describes the 
teraction metals with methanol. 
the absence water, gives basic 
formate; with water present, neutral 
hydrated formate 


Corrosion. Hydroabietyl Alcohol. Int 
Chemical Eng. and Proc. Ind., 30, No. 
112-113 (1949) Mar. 

Hydroabietyl alcohol, intermediate 
manufactured the hydrogenolysis 
Abalyn, rosin ester, has been devel- 
oped commercial scale. 
tional materials used the plant are 
follows: the feed pumps black 
iron used; thereafter and far the 
low pressure separator, 
employed, but this liable cause 
discoloration contamination the 
product, aluminum pipes, etc., are 
stalled beyond this 


Soil 


Corrosion Metals; the Influence 
Micro-Organisms. 
Met. Ind., 73, No. 21, 22, 403-405, 432-433 
(1948) Nov. 19, 26. 

account based published litera 
ture some the ways which 
sive attack can brought about through 


the influence bacterial action. This 


per was presented the Journées sur 
Corrosion des Paris, Oct, 
1947, and published French 


Corrosion, 23, No. 275-276, 


(1948) July-Aug. detailed 
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some the investigations the B.N.F. 
this field appeared Inst. 
Metals, 75, No. 19-37 (1948) Sept. 
pointed out that while any bacteria which 
are capable forming colony close 
proximity metal surface may re- 
sponsible for corrosion the metal, three 
specific bacteria are known 
produce effects which are sharply defined 
and well understood. Sulphate-reducing 
cause anaerobic corrosion 
iron, well nonferrous metals 
performing the action depolarizer 
removing and oxidizing cathodic hydro- 
gen. Sulfur oxidizing bacteria, while 
less importance than the former group, 
give rise the evolution sulphuric 
acid. Bacteria producing carbon dioxide 
ammonia result their normal 
metabolism accelerate corrosion both 
salt and fresh water. The most effective 
methods combating bacterial corrosion 
consist the use dyes, where the sys- 
tem not too large, else the ap- 
plication corrosion-resistant alloys. 
Twenty-six references. 


trol Anaerobic Bacterial Corrosion. 
Weston. Presented A.P.I. Mtg., Chicago, 
Nov. 1948. Corrosion, 567-580 (1948) 
Dec.; discussion, 580-581. 

Presents experimental data the ef- 
fect alkalinity sulfate-reducing bac- 
teria. Two problems were studied: type 
action pH’s over 9.0 (bactericidal 
growth recurrence after exposure high 
pH. The action was found bacterio- 
static; that is, growth recurred after the 
was lowered. Photographs test 
panels illustrate the 


ABSTRACTS 


Pipe Corrosion Mitigation Practice. 
Michigan Consolidated Gas 
Co. Paper, AGA, Distribution Motor Ve- 
hicle and Corrosion Conference, Pitts- 
burgh, April 19-21, 1948; Am. Gas J., 168, 
No. 23-7, (1948) June. 

Underground pipe protection practices 
the Michigan Consolidated Gas Cc. 


are detailed and their experiences with 
the Pearson Pipe Coating Fault Locator 
are summarized. The pipe coated with 
hot wax base coating and wrapped with 
successive dielectric layers asbestos, 
cellulose acetate, tobacco cloth and kraft 
paper using special described machine. 
Insulating couplings such Formica 


you want Cathodic PROTECTION 
not just Cathodic Protection Equipment 
call ELECTRO RUST-PROOFING 


two corrosion problems are exactly alike that’s one 
reason stereotyped solutions won’t work. Cathodic protec- 
tion, properly engineered and economical, effec- 
tive and practical. E.R.P. offers preliminary engineering, 
design, equipment and installation services for individual 
solution each particular problem. For data cathodic 
protection structures from pipe lines elevated tanks, 
call E.R.P. without obligation. 


E-10 


ELECTRO RUST-PROOFING 


BELLEVILLE NEW JERSEY 
REPRESENTED PRINCIPAL CITIES 


PENDING 


EASY INSTALL 


INEXPENSIVE 


MODIFICATION 


METER REQUIRED 


STRONGER THAN 


STANDARD PIPE FITTING 


FOR ADDITIONAL INFORMATION 
PHONE ... WRITE 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


brushings and Saran nipples installed 
compression couplings are used pre- 
vent the propagation stray currents 
between protected and unprotected sec- 
tions pipe and are also installed in- 
tervals between the protected sections. 
Test wire stations are installed 2000- 
4000 foot intervals. The Cadwell Thermit 
weld method used join the test wires 
the pipe. Electrolysis surveys are made 
once year current flow measure- 
ments using the Pipe Coating Fault loca- 
tor Pearson (Sun Oil Co.) with 
some described modifications. The hum- 
mer the locator applied the test 
wire and leakage currents are detected 
from the ground via cleats, lead wires, 
amplifier and earphones. The device lo- 
catd 783 coating faults 350 miles 
pipe four years’ service. analysis 
the kinds and causes the faults 
included. 


Investigation the Corrosive Ef- 
fects Soils Steel Plates. Gem- 
New Zealand Eng., 468-469 (1948) 
May 10. Iron Steel Inst., 160, Pt. 
235 (1948) Oct. 


1943 Corrosion Committee New 
Zealand Institution Engineers ar- 
ranged for sets mild steel speci- 
mens buried different places 
New Zealand. Plates buried Auckland, 
Wellington, and Christ Church were ex- 
humed and this report presents data 
nature soil and loss 


Corrosion Underground Power 
Sheaths. Greve. Corrosion, 529-540 
(1948) Nov.; discussion 541-544. 


Several methods emloyed large 
utility company for mitigating extremely 
troublesome corrosive conditions caused 
local, concentration, and galvanic cells 
are described. Includes several diagrams 
and 


Water 


Control Through Use Sulfur 
Drew Co., Inc. Otl Gas J., 47, No. 
30, 111 (1948) Nov. 25. 


Provided that the the water 
the proper range, scale and deposits 
cooling-water systems can con- 
trolled treating with complex phos- 
phates which partially prevent the pre- 
cipitation materials from the water, to- 
gether with certain organic materials 
which render any precipitates non-ad- 
herent. 

Where the the water too high 
for complete chemical protection against 
deposits, the use sulfur burner has 
been found effective and economical for 
reducing pH. The equipment consists 
sulfur burner for generating sulfur di- 
oxide and absorption tower for dis- 
solving this gas the cooling water. 
With this method, the cost reducing 
the alkalinity million pounds wa- 
ter one part per million costs about 0.29 
cents compared with about 1.6 cents 
using sulfuric 


Industrial Water Systems. Southern 
Power Ind., 66, No. 10, (1948) Oct. 

Ten case studies show how various in- 
dustrial water problems have been solved 
specific instances. Among the cases 
presented are: 

Condenser water control using 


Beckman meter and Bristol air- 
controlled valve eliminated corrosion and 
emulsification the system. 

Algae eliminated ammonia con- 
denser system using dry HTH. 

Sludge contact hot process operation 
and results with Liquon unit. 

High silica water corrected for boiler 
feedwater use Drew and Co. 
treatment and control large Arkansas 
lumber company plant. 

Softener capacity boosted installa- 
tion Elgin “Double-Check” manifold 
system zeolite softener permit 
deeper bed zeolite utilized. 

control avoids stream pollution 
through use Leeds and Northrup Mi- 
cromax recording controller and 
glass electrode system for controlling 
soda ash feed acid wastes. 

Corrosion checked hot water system 
with Brown-Electro Company’s electro- 
lytic devices installed hot water gen- 
erators. 

Condenser corrosion stopped through 
use National Aluminate Corporation’s 
No. treatment consisting blend 
polyphosphates. 

Corrosion steam lines prevented 
using Elgin Softener Corporation’s 
gex” chemical treatment Southern 
power 


The Experimental Basis for the Deter- 
mination and Calculation the Aggres- 
sive Properties Natural Waters. (Ger- 
man.) SCHMASSMANN. Schweiz. Arch. 
Angew. Wiss. Tech., 14, No. 206-213 
(1948) July. 

Summarizes the methods for determin- 
ing free carbon dioxide, alkalinity, and 
hardness; magnesium, lime and sulphate 
contents, and gives results obtained for 
waters. Fourteen references.— 


Solving the Diesel Water Problem 
Northern Line. Ry. Eng. and Mainte- 
nance, 44, No. 12, 1286 (1948) Dec. 

Described this article are the meth- 
ods developed the Northern Pacific 
provide properly treated water for 
their Diesel engine steam generators. Ini- 
tial treatment their various watering 
stations consists acid sodium ze- 
olite softening, lime-soda ash softening, 
wayside treatment consisting phos- 
phate and alkaline materials. Excellent 
protection against both scale formation 
and corrosion has been achieved post- 
treatment consisting blend alka- 
line polyphosphates and specially proc- 
essed organic material which has high 
oxygen absorptive properties. Most 
the generator coils are months old 
and the maximum tube life with this 
treatment still undetermined. 

Diesel cooling water treated with 
chromate-type 


Questions and Answers—Electrolytic 
Action this Boiler? 
Power Generation, 52, No. (1948) 
May. 

Many cases corrosion attributed 
electric action are really due oxygen 
and acid. Views how combat this 
particular case 


Vergleichende Korrosionsversuche 
Verschiedened Seewasserspriihanlagen. 
(Comparative Corrosion Experiments 
Various Sea Water Spraying Installa- 
tions. Vereinigte Alumi- 
nium-Werke Ger. Office 
Technical Services, PB-70015, Frames 
1308-1329 (1938) July. 

The type and degree corrosion 


unplated Duralumin strips were 
eight different sea water spraying 
bers. Tensile tests all samples 
carried out one machine. 
results varied widely. obtain 
rable values from different 
advisable use test conditions 
about 10%. For alloys which not 

rode readily, such plated 
copper-magnesium 
alloys, the attack must prolonged 
aggravated, e.g., increasing the 
spray per unit volume per 

Each spraying chamber may 
fied into one three groups 
sile strength larger than, equal to, 
smaller than 10% after weeks and, 
decrease elongation less than 
50-60, 70-90%, respectively. 
each group difference the 
appearance the samples may 
various factors; e.g., samples 
hook wire show stronger cor- 
rosion along the center line which 
path for the drops. 

The corrosion cut edges apparently 
increased when the intervals between 
sprayings are neither too long nor 
short and when numerous spraying 
are applied. Strong edge corrosion 
comparable degree was observed three 
different chambers having one 10-minute 
spraying period per hour. 

PDC Comment: The dependence 
the results accelerated spraying tests 
upon the characteristics 
spray chambers discussed another 
report from the same source. (Report 
Systematic Experiments with Spraying 
Apparatus Varying Size and Structure, 
Including Comparison their 
havior Dipping Apparatus. Office 
Technical Services, PB-70191, Frame 
3456-3460 (1942). PDA Met 


Question-Answer Effect Zero Soft 
Water Boilers. Marine Eng. 
ping Rev., 53, No. (1948) June. 

Boilers corrode when zero soft 
used because the dissolved oxygen. 
Hard water deposits scale which 
tection against rust, especially new 
boiler. When water with zero hardness 
heater. Where not practical, internal 
treatment with material react with 
oxygen 


Internal Treatment with Magnesium 
tric Power Company. paper 
ASME Semi-Annual Meeting, 
30-June 1948, Milwaukee, Wis! 
Combustion, (1948) Aug. 


Continuous feeding magnesium 
ride the absence phosphate has 
duced silica carryover from the 1400 
Commerce Street Station 
according the experiences related 
the authors this paper. Organic 
ment apparently helpful 
chip scale formation the boiler. 

Feedwater softened with 
zeolite, followed degasification 


Factors Influencing Boiler 
Annual Meet. ASTM, Panel 
sion Corrosion Pressure Vessels, 
troit, June 21-5, 1948; abstr. ASTM 
No. 152, (1948) May. 


The factors influencing boiler 
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are gases such oxygen, carbon 
dioxide, hydrogen, etc., corrosive effects 
boiler water substances, galvanic ef- 


fect dissimilar metals, velocity, tem- 


erature, and pressure. Available data 


the solubility the various gases from 
condenser vacuum boiler pressure are 
summarized. review and tabulation 


given the rates corrosion non- 
and ferrous metals used power 


systems, the compounds likely 


formed from the various nonferrous met- 
and their subsequent deposition 
other parts the system, and the gal- 
yanic effects carbon and alloy steels 
nonferrous metals. (No more infor- 
mation abstract.) 


Preventing Corrosion Condensate 
Return Lines. National 
Aluminate Corp. Paper before 10th Ann. 
Midwest Power Conf., Chicago, April 1948; 
Combustion, 19, No. 10, (1948) Apr.; 
Heating, Piping Air Cond., 20, No. 86-88 
(1948) May. 

Corrosion steel due carbon diox- 
ide and oxygen condensate recognized. 
Reduction carbon dioxide reduces cor- 
rosion. Sources are water with 
high magnesium, sodium bi- 
carbonate high makeup boiler plant 
water with low calcium, magnesium, 
sodium bicarbonate, lack deaerator 
where needed, improper treatment 
boiler water, and improper makeup 
ter pretreatment. Exchange materials 
carbonaceous nature permits design 
softening carbon dioxide removal sys- 
tems using acid and brine for regenera- 
tion materials. Suggestions how 
reduce carbon dioxide and oxygen with- 
out special equipment. 
stances neutralize corrosive tendencies 
condensate. Amines treat return conden- 
sate but not recommended 
pressures above 300 psi. Polyphosphates 
used where amines not feasible. Four 


Prevention Scale Formation and 
Corrosion Water Supply Systems. 
Anon. Fuel Econ. Rev., 27, 43-47 (1948). 


Article describes the value treating 
waters with hexametaphosphate mini- 
mize building-up scale and reduce 
corrosion. Practical ways making the 
addition are 


Intercrystalline and Other Types 
LAN AND OTHERS. Am. Railway Eng. Assoc. 
50, 167-169 (1948) Nov. 


committee report the above. 

Use sodium nitrate inhibitor 
Describes and diagrams 
simple device used detect embrittle- 
ment.—BLR. 


Corrosion High-Pressure Steam 
Generators: Status Our Knowledge 
the Effect Copper and Iron Oxide De- 
Posits Steam Generating Tubes. 
Bureau Mines. Paper, Ann. 
Meet. ASTM, Pane! Discussion Corro- 
sion Pressure Vessels, Detroit, June 21-5, 
1948; abstract, Bull. No. 152, 
(1948) May. 

Published information copper and 
iron oxide boilers reviewed critically 
and correlated with the writer’s personal 
with the problem, and with 
theoretical Numerous 
cases severe, pit-type, internal corro- 
sion high-pressure steam generators, 
Principally furnace wall tubes, have 
been ascribed deposits consisting 
and copper and its oxides. How- 


ABSTRACTS 


ever, this only speculative theory. 
(No more information abstract.) 


Study Tube Corrosion the Ma- 
rine and Power Fields. Chase Brass and 
Copper Co., Conn. 

Information presented relative the 
behavior condenser tubes under vari- 
ous operating conditions, discussions be- 
ing directed the topic corrosion. 
Corrosion discussions include: types 
water; corrosion outline— causes and 
forms; destructive cavitation; galvanic 


action; intercrystalline corrosion and 


zincification. outline methods 
manufacturing tubes also included, to- 
gether with useful charts, specifications, 
installation data, surface area, and phys- 
ical properties. 


The Treatment Soft Waters. (In 
Metaux Corrosion, 23, No. 271-272, 103- 
107 (1948) Mar.-Apr. 


Deals with treatment soft, very 
acid water. Manganese and iron were 
moved flocculation with ferric sul- 
phate various values under oxidiz- 
ing conditions (chlorine) and water was 
treated with lime and hexametaphos- 
phate. Corrosivity tests were carried out 
using soft iron wire 


Corrosion Can Controlled Re- 
frigeration Systems. Paper, 
Sec. Am. Soc. Refrig. Eng. (1948) 
Mar. 11; Refrig. Eng., 56, No. 35-8 
(1948) July. 

refrigerating systems, dissolved car- 
bon dioxide, oxygen, sulfur dioxide and 
hydrogen sulfide, well low 
(oxygen more corrosive acid en- 
vironment), dissimilar metals contact, 
and high temperature all contribute 
the corrosion metallic parts. The acid 
attack water with under can 
more severe than the oxygen corro- 
sion. Sodium hydroxide and sodium 
chromate neutralize the acidity, raise the 
and inhibit corrosion; satisfactory 


RESEARCH PRODUCTS FOR SOLVING 
PROTECTIVE COATING PROBLEMS 


Product 
Development 


Application 
Engineering 
SPECIALTY COATINGS LABORATORY 


1721 North Water Street 
MILWAUKEE WISCONSIN 


SALES ENGINEERING 
INSTALLATION 


Federated Magnesium Anodes — Cadwell 
Welding Supplies 
F. H. Maloney Insulating Materials 
Complete line of Cathodic Protection 
Equipment 


PIPELINE MAINTENANCE CORP. 
811 So. Boulder Phone 3-0846 
TULSA, OKLAHOMA 


FOX 


Corrosion Engineering Service 


Cathodic Protection - Non-Destructive Testing 
Special Investigations 
Miscellaneous Instruments & Supplies 


3405 Belmont Ave. 
Oakland 11, Calif. 


CORROSION 
DIRECTORY 


Rates for notices under this heading 
can obtained from National Asso- 
ciation Corrosion Engineers, 919 
Milam Building, Houston Texas. 


CORROSION SURVEYS 


Recommendations and supervision 
corrosion control methods and protective 
coating and lining installations, 


KENNETH TATOR 
ASSOCIATES 
Montour St. Ext. Coraopolis, Pa. 


South Florida Test Service 


INSPECTION TESTING RESEARCH 
ENGINEERS 


(Established 1931) 


Corrosion, weathering and sunlight tests. 
Four locations in Southern Florida for inland, 
salt atmospheric, tidewater and total immer- 
sion exposure tests. 


4201 7th St. MIAMI, FLORIDA 


SERVING ALL PIPELINES 


PIPELINE ASBESTOS FELT 
Made by The Ruberoid Co. 


COAL TAR ENAMEL COATINGS 
Made by Pittsburgh Coke & Chem. Co. 


“Steve” Day 


DAY COMPANY 
2017 Gray Houston 19, Tex. 
Phone KE-0407 


STATIONARY COATING WRAPPING 
COMPLETE PIPE RECONDITIONING 


Plants — Corpus Christi — Refugio, Texas 
Jackson, Miss. 


ROSSON-RICHARDS CO. 
Box 908—Corpus Christi-Ph 3-5121 2-9021 


Portable Units Available for Rail-Head 
Coating Anywhere 


CATHODIC PROTECTION 
Systems Designed, Installed 
and Maintained 


Consultation service on electrolysis, interfer- 
ence and special corrosion problems. 


HUDDLESTON 


ENGINEERING CO. 
BARTLESVILLE OKLAHOMA 


SIMS 


Consulting Corrosion Engineer 


Box 761—Dallas, Texas 
Telephone Logan 6-3564 
Specializing in pipe line and plant corrosion 


surveys, recommendations and supervision of 
cathodic protection installations. 


Corrosion Magazine 
Useful Reference 
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range 7.5 9.5 and sodium chro- 
mate concentration 250 1000 ppm. 
Chromates are toxic and irritant and con- 
tact with skin should avoided. Poly- 
phosphates also may added water 
systems react with scale, forming salts 
which can removed blow-down. 
Sodium hydroxide and sodium chromate 
also are used inhibit corrosion brine 
systems (pH 7.5 9.5) sodium chro- 
mate concentration 2000 ppm more 
calcium chloride brine, and 4000 ppm 
ommended. 


Softening Cooling Water for Diesel. 
North Branch, Minnesota. Plant Eng. 
(1948) July. 


Thick scale formed the Diesel en- 
gine cooling water system this power 
station when using water gpg hard- 
ness for make-up. slowly-soluble glassy 
phosphate fed the water the rate 
about ppm was successful retarding 


Experiences Conditioning Corrosive 
Army Water Supplies New England. 
Paper before NACE 
Ann. mtg., Chicago, Apr. 7-10 (1947). 
Corrosion, No. 1-14 (1948) Jan. 


Types water found New England 
army area are highly corrosive soft sur- 
face water, highly corrosive soft well water, 
and high iron-containing water. Treat- 
ment for the well water included lime 
slurry and for the iron-containing water, 
hexametaphosphate. 
were established the Boston army 
area, which was supplied the surface 
water, compare various chemicals; six 
involved galvanized steel loops chem- 
ically treated water, two used galvanized 
steel loops untreated water and one 
used phenolic resin-baked loop un- 
treated water. Results not yet available. 


Dezincification. “Plug” and 
“Layer” Types Attack—Susceptible 
Alloys. II.—Consideration Internal 
and External Influencing Factors. 
Mechanism—Testing Susceptibility— 
Metal Ind., 73, No. 25, 483-485; No. 26, 
507-509; No. 27, 531-533 (1948). 

The various forms dezincification 
and the characteristics the phenom- 
enon are described. The tendency 
alloy dezincify depends the zinc 
content, the physical structure the 
brass, the alloying constituents, and ex- 
ternal influences. The principal alloying 
constituents discussed are: arsenic, anti- 
mony, phosphorus, bismuth, and tin, all 
which tend, greater lesser ex- 
tent, inhibit dezincification. The ex- 
ternal influences considered are: oxygen 
supply, copper ion concentration, electro- 
lytic stimulation, acid radicals, tempera- 
ture, stress, and films deposited 
waters. Accelerated laboratory testing 
susceptibility with cupric chloride solu- 
tion, and the method dezincification 
practice, are described. Twenty-eight 
references are 


Sulphate-Reducing Bacteria and Inter- 
nal Corrosion Ferrous Pipes Convey- 
AND Nature, 163, 
26-27 (1949) Jan. 

Examination “tubercles” the in- 
side water mains shortly after removal 
from the soil disclosed presence sul- 
fide sulfur, elementary sulfur, severe 


graphitization the cast iron under- 
neath the “tubercles,” and comparatively 
large numbers sulfate-reducing bacteria. 
Conditions were roughly comparable 
those obtained anaerobic microbiolog- 
ical corrosion ferrous-pipe exteriors. 
—BLR. 


Corrosion and Incrustation Well 
Works Assoc. 41, 67-74 (1949) Jan. 

Discusses above problems under the 
headings: definitions; forms corro- 
sion; conditions favorable corrosion; 
anti-corrosion measures; forms and causes 
incrustation; and overcoming incrusta- 


Geographic Study Deposits and 
Corrosion. Dow Chemical 
Co. Corrosion, 45-53 (1949) Feb. 

Research methods are outlined which 
enable operators find the extent 
corrosion and deposition operating 
equipment due the action industrial 
waters. The composition deposits 
not matter geographical location be- 
cause of water treatment and corrosion 
effects. This statement based data 
deposits from 100 boilers, condens- 
ers, and pipeline deposits over area 
states. Removal deposits with 
inhibited hydrochloric acid and calcula- 
tions from chemical analysis drain 
acids allows estimation the over-all 
average thickness deposits and corro- 
sion products. The operational corrosion 
several boilers shows that over-all 
average thickness iron oxide 0.001 
in. +0.004 in. Eight illustrations, nine 
tables.—TDD. 


Corrosion: Its Effect Boiler Sys- 
Combustion, 19, No. 11, 28-33 (1948) 
May; No. 12, 43-49 (1948) June. 

Discussion theories corrosion, 
action oxygen the boiler system, 
its removal mechanical and chemical 
means, protection aganist its action 
idle boilers, and corrosion NHs, 
acidity, and other physical factors. 
Corrosion can occur from chemical 
physical factors combination. Proper 
solution problem requires close study 
and correct evaluation all chemical 
and physical 


The Effect Cold Inflow Rate, Ori- 
fice Design and Storage Water Tem- 
perature Stratification Domestic 
Hot Water Storage Vessels. Grif- 
fith. Brit. Elec. and Allied Ind. Res. 
Assoc. Tech. Rep. Y/T12, 1947, pp. 6s. 

means experimental installa- 
tion incorporating Perspex hot water 
storage cylinder, the effects several 
variables the degree mixing 
hot and cold water the storage cylin- 
der hot water was drawn off were 
investigated. The chief variables were 
temperature, rate inflow cold wa- 
ter, and orifice design. Recommenda- 
tions for the design hot water sys- 
tems are 


Corrosion-Fatigue Steel Under 
Asymmetric Stress Sea Water. 
Gould. the Iron and Steel Inst., 161, 
11-16 (1949) Jan. 

Severity corrosion-fatigue sea 
water under reversed stress with super- 
imposed tensile stress was found 
almost independent mean stress, pro- 
vided not excessive. The result was 
obtained polished specimens, scale- 


covered specimens and specimens de- 
scaled 


Hard Surfacing Cast-Steel 
and Nolan. Welding Journal, 28, 


157 (1949) Feb. 


Deals with examination 
faced cast-steel propeller blades 
service salt water both warm 
cold climates. Includes numerous 


January, 
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ing 


— 


Some Corrosion Experiences 


Power Station. Scott and 
Gilham. Paper, Elec. Power 
Assoc.. London (Dec.. 
Eng., 17, 447-51 (1948) Sept. 


Severe corrosion has been found 


the desuperheater tubes boiler unit 
The corrosion products consisted 
flakes magnetic iron oxide and 
deposits spongy copper. Heavy 
posits calcium phosphate and dis 
integrated corrosion products have 
found the tube plates. 
tary factor the accumulation sludge 
the desuperheater the position 
the blow-down connection, which 
ated the water connection from the 
mud drum point some distance from 
the desuperheater body. eliminate 
this corrosion the the feed water 
maintained between 8.0 and 
limiting the ammonia content about 
0.06 ppm. The presence small 
serve sulphite the boiler water 
duces the risk corrosion oxygen, 


Corrosion Experiences Cold and 
Hot Water Pipes and Boilers. (In 
man.) Miiller. Archiv fur Metall- 
kunde, 480-487 (1947) Nov.-Dec. 


photographically illustrated general 
discussion, based part the 
tion samples taken from water lines 
after various service periods, and 
part laboratory experimentation. In- 
cludes section the difficulties 


Galvanic Corrosion Metals Sat 
Water. Metal Finishing, 47, (1949) 
Jan. 

Table shows relative activity 
different commercial 


PREVENTIVE 
MEASURES 


Cathodic 
Protection 


The Use Magnesium Anodes 
trol Corrosion Galvanized Watet 
Heater Storage Tanks. Dow Chem, 
Mid., Mich. (1948). Num. Illus. pp. 

the cathodic protection hot dip 


vanized hot water tanks 


anodes. was found that the anode 
was correctly installed, could com 
pletely stop markedly reduce the 
rosion tank which was working 
150° and having draw-off rate 
gallons per day. 1.05-inch rod will 
give protection for six years. The anode 


tank bottom and there should 


manent low resistance electrical 
tion between the anode and the tank 
Soft waters are more severe than hard 
waters galvanized tanks, 
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Metallic 
Coatings 
Aluminum-Clad Steel. Light Metals, 12, 


133, 62-63 (1949) Feb. 


Aluminum-covered steel strip, known 
“Feral” which was used considerably 
pre-war Germany, now coming into 
use again for the manufacture flexible 
tubing, telephone diaphragms, electric 
cable protection, etc. The steel 
quality suited heavy pressing, its com- 
position being 0.06% carbon, 0.04% sul- 
fur, 0.04% phosphorous, 0.6% manganese 
and traces silicon. Aluminum strips 
for coating the steel are 150 mm. wide 
mm. thick and contain from 0.6- 
silicon and 0.5% iron. They are 
cold rolled thickness 0.20 mm., 
cut the desired width, annealed 
and then wound reels with 
special mounting the plating mill, 
above and beneath the steel strip 
covered. The steel supplied 
rolled sheet 150 mm. wide 3.5 mm. 
thick. cleaned either with cold 
hydrochloric acid hot sulphuric, 
washed cold water and dipped 
warm chalk-water. dried, cut, 
smoothed seven-roller press and 
passed brushing machine. Leaving 
this machine with roughened surface, 
the strip passes the aluminum clad- 
ding mill. minimum reduction thick- 
ness for the strip takes place during the 
cladding process. The temperature neces- 
sary obtain good adhesion produced 
and maintained the actual rolling and 
pressing process, without any separate 
heating. leaving the mill, the strip 
adrum extreme tension. The strip 
finally annealed temperature varying 
between 535 and 550° (995-1022° 
for hours. Time and tempera- 
ture are factors affecting the flexibility 
the strip and the formation 
between the two metals. 


The Cladding Metals. Horr- 
MANN. Metallurgia, 1948, Nos. 17/18, 295- 
297; Nos. 19/20, 330-332. 

review the nature and objects 
cladding, the methods producing and 
subsequently working clad material, its 
and applications, methods 
testing, patented processes, and recovery 
the clad coatings from scrap. There 


High Strength Hydrogen Peroxide for 

Rocket Propulsion. AND 
Woon. Brit. Interplanet. Soc., 
137-154 British Abs., BI, (1949) 
Jan. 
_Development, manufacture,and proper- 
ties 90% hydrogen peroxide discribed. 
Boilers and packed columns are stone- 
Stainless, austenitic steels, 
heavily chromium-plated ves- 
sels can used for storing and handling 
hydrogen peroxide. Nickel, chro- 
mium, and manganese ions have appreci- 


ABS'TRACIS 


Weather-Tight Jacket. Chem. Eng., 56, 
No. 154 (1949) Feb. 

new aluminum jacketing provide 
outdoor protection for insulated pipes 
has been developed Childers Mfg. 
Co., Houston, Texas. The material con- 
sists light sheet corrugated alu- 
minum backed with glued-on as- 
phaltic moisture barrier. produced 
2-S alloy, 0.0055-in. thick, fabricated with 
3/16-in. corrugations. The moisture bar- 
rier lb. kraft paper impregnated 
with asphaltic compounds and coated 
both faces with sealing mixture 
gilsonite, resins, waxes and special as- 
phalts. The jacketing supplied rolls 
ft. wide 100 ft. 


Metal Spraying Wire Booklet. Issued 
Chas. Clifford Son Ltd., Dogpool 


Mills, Birmingham, 30. Jan., 1949, Illus. 
pp. 

This little book describes the ferrous 
and non-ferrous wires which the firm 
supplies for all kinds metal spraying 
work; 99.98 per cent pure wire 
available for zinc spraying steel struc- 
tures needing protection against the cor- 
rosive action the atmosphere, 
against fresh water. (It surprising 
that the value sprayed zinc coatings 
protecting sea-going vessels, etc., 
not mentioned.) Tables show the weight 
per foot the various metal and alloy 
wires, and the average area covered 
lb. wire when used spray 
coating 0.004 in. thick. Allowing for 
normal losses, lb. wire covers 
sq. 


RESISTS ACIDS, 
ALKALIES, WATER, 
ALCOHOL, OILS, 
GREASES 


EASILY APPLIED 
WITH SPRAY 
BRUSH, 
DRIES QUICKLY 


ORROSION goes hungry the plant protected Tygon 
Paint. This remarkable coating, proven over ten-year 
period, forms plastic film tough that corrosion 
can’t eat through. Its use cuts maintenance costs the bone, 
adds extra life any equipment subjected corrosive 
fumes, condensates spillage. Write today for your free 


copy Bulletin 709. 


Resists Acids, Alkalies, Oil, Water, Alcohols Applied 
Spray Gun Brush Air Dries Quickly Non-toxic and 
Non-Flammable when dry Will not oxidize, flake-off chip. 


eel Pro. : 
| 
Sid 


Protection Iron Thermally Pro- 
duced Oxidized Covering Layers. 
moxyd” Process). FENNER AND 
Archiv Metallkunde, No. 53-56 (1948) 
Feb. (In German). 

After preliminary dip special 
bath (no details) the iron dried air 
and heated for hour about 750° 
The surface then treated with oil. Salt- 
spray, water spray and running water 
tests were carried out. The 
coating claimed have superior cor- 
rosion-resistance and mechanical proper- 
ties over phosphatised iron—BNF. 


Electroplate Finishes Zinc-base 
Die Castings. Metal Treat- 
ment, 15, No. 56, 209-16 (1948-9) Winter. 

full description the electrodeposits 
applied zinc alloy die castings. General 
comments made the choice plating 
metals are: zinc would superfluous; 
cadmium unsuitable for 
ditions, but might used compensate 
for bimetallic junction; tin would only 
chosen for easy soldering; copper 
suitable for decoration high electri- 
cal conductivity desired; nickel the 
best, and covered with chromium 
flash gives enduring finish good ap- 
pearance. Details plating systems, 
coating thicknesses, corrosion tests, and 
plating solutions are 


Hot Dip Galvanizing and Rust Preven- 
tion. Booklet published the Hot Dip 
Galvanizers Association member 
the Z.D.A.), Lincoln House, Turl Street, 
Oxford. Jan. 1949. 


This booklet divided into the follow- 
ing sections: the galvanizing process; 
rust prevention galvanizing; the cor- 
rosion resistance galvanized coatings; 
the characteristics good galvanized 
coating; and inspection and advances 
technique. contains descriptions the 
process and the purpose hot dipping, 
written simple technical language for 
those interested protective metal coat- 
ings, and intended show prospec- 
tive users hot dip galvanizing the ad- 
vantages and limitations the process. 
Illustrations support the text, and there 
are many views the process ad- 
dition numerous photographs showing 
the uses hot dip coatings. The origin 
the term “galvanizing” discussed: 
believed refer the mechanism 
protection against rust, rather than 
the method applying the zinc. 
Specialized galvanizing not omitted, 
though this side the industry not 
considered 


Metal Spraying the Wire Pistol. 
Anon. Fin., 1949. 422-6, Feb. 


brief description spraying using 
pistol fed with metal wire. The ad- 
hesion and structure the coating are 
explained and examples the uses 
the process are given. The paper 
Hudson and Banfield (see ZDA Abs. 
No. 47/430) quoted containing 
comparison the three methods 
metal spraying.—ZDA. 


Industrial Plant for Coating the 
Evaporation Method. Vide, 
No. 13, 381-386 (1948). 

plant for the coating non-metallic 
surfaces with metals the evaporation 
method 


“Mollerizing,” Method Impreg- 
nating Steel and Iron Products with Alu- 
minum. Linden Co., Los Angeles, Cal. 
(1947) Mar. 


The Mollerizing method impregnat- 
ing steel and iron products with alumi- 
num offers easy economical 
means protecting sheet, wire, pipe, 
castings, forgings, and fabricated parts 
against acids, fumes, and corrosive at- 
mospheres. addition, improves the 
electrical and heat conductivity the 
base metal. The method 
sentially degreasing, descaling, and 
cleaning the metal part, and immersing 
electric salt-bath furnace con- 
taining principally barium chloride 
floated top layer pure aluminum. 
The thickness the coating produced 
the bath dependent temperature 
and dipping time. 


Steel wire treated the salt bath 
1508° had outer coating alu- 
minum 0.0008 and 0.0016 in. the 
end and 120 seconds respectively. 
For corresponding periods the inner 
aluminum-iron alloy layer was 0.0031 
and 0.0059 in. thick. 


Although Mollerized metals need 
painting, they can painted, oxidized, 
anodized, and polished the same 
manner aluminum. They can heat 
treated, annealed, shaped within wide 
limits. When quenched, the iron-alumi- 
num bond layer may have hardness 
equal that toolsteel, 550 
Vickers Brinell, and will withstand se- 
vere abrasion and wear. Mollerized steel 
can welded steel aluminum. 
lustrations and 


TIER. Soudure Techniques 
Nos. 9/10, 216-225 (1948). 

study sprayed metals. The thick- 
ness the sprayed coating can attain 
mm. Consideration given the 
density, voids, micrographic structure 
sprayed metals. The anti-frictional 
properties and adhesiveness some 
sprayed metals are discussed.—MA. 


Coating Iron with Lead Molten 
Metal Baths. Metalloberflache, No. 
149 (1948). 

The usual pickling processes are 
little value the hot dipping iron 
lead. The recommended procedure 
give preliminary dip bath con- 
taining 5-10% tin and/or cadmium and 
then finish bath containing pure 
lead, omit the preliminary dip and 
use bath containing: lead tin 
and antimony 0.1 part, lead with 
cadmium and zinc 


Conveyorized Galvanizing Process In- 
stalled Rheem Plant. Prod. Fin.,13, No. 
104+ (1948). 

Brief description completely 
mechanized hot-dip galvanizing plant 
used for zinc-coating steel hot-water 
tanks. The tanks are treated two sub- 
assemblies which are welded together 
resistance welding, which gives contin- 
uous re-fusion the zinc 


Metal Spraying. Werkstatt 
Betrieb, 81, 69-70 (1948); Brit. Abs., 
(B1), 725 (1948). 

Developments since Schoop invented 
metal spraying 1909 are reviewed, and 
the mechanism the pistol described. 
special pistol required for metals 
(such steel) with high m.p. The 
surface sprayed must absolutely 
free from 


The Protection Iron and Steel 
tures Metallic Zinc Paints. 
INGTON. Chimie des Peintures 
Oct. (In English). 

Zinc oxide paints are 
ticularly valuable nowadays, when 
tected and few skilled painters 
This article provides detailed 
and complete formulae are given, 
which suitable for smoke-stack 
gassing the can, the paints 
with lime-treated zinc dust, 
dust which was mixed with 
before screening. Two methods—one 
the author—are described for 


mining the metallic content 
dust.—ZDA. 


Electroless Plating Metals 
Chemical Reduction. Tech. News 
Nat. Bur. Stand., 31, No. 10, 
(1947). 


new process for plating nickel 
cobalt metal surfaces without the 
electric current has been 
the bureau laboratories. The reaction, 
which catalytic, brought about 
salt with hypophosphite hot 
Careful control concentration and 
are necessary, and plating occurs 
til certain metals, such steel nickel, 
are introduced into the bath. The 
herence the coating very good, ani 
its purity 93-97%. The deposit 
but brittle, although may 
ductile subsequent annealing 
particularly useful for irregular, 
cessed, and tubular objects, which 
quire complicated electrode 
ments electroplating. The process 
described some detail, and table 
suggested compositions suitable 
tions given, with photomicrographs 
the coatings before and after 


Sprayed Metal Coatings—Their 
ture, Properties, and Uses. 
Metal Prog., 54, No. 
832 (1948). 

presents some new data 
porosity, coeff. friction, tensile 
strength, and hardness sprayed 
ings number metals and alloys 
Sprayed coatings are more porous that 
the corresponding materials 
form and have lower coeff. 
certain cases the aluminum allo 
containing silicon) sprayed 
ing stronger than any other 
the material. The advantages and 
tions sprayed coatings 
practice are reviewed, 
metal spraying are briefly dealt 
under the headings electrical, 
cal, and protective. Also includes 
notes corrosion resistance. 


Surface Treatment and Finishing 
Light Metals—Pt. Corrosion and 
tection Aluminum and Its 
26, No. 264, (1949) Apr. 

Discussion includes protective 
teristics aluminum, corrosion 
minum, super-purity aluminum, 
cladding aluminum. Main factors 
fecting corrosion aluminum and 
alloys include chemical action, 
metal contact, mechanical action, 
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and stress corrosion. Dura- 


plat, copper-free Dural cladding 


Duralmin, gave excellent corrosion test 


results long was not frequently 


annealed. type coating al- 


lied cladding Cupal, electrodeposit 


and wire, and normally from 10-30% 
thickness alloy. references.—I NCO. 


» 
paints, 


Non-Metallic 
Coatings 


New Exterior Paints for H.M. Ships. 
Admiralty Bull. No. 16, Jan. 1949. pp. 

The battleship grey paint used the 
Roval Navy until the recent war had the 
following formula: white lead 


zinc oxide white oil paste 


liquid driers pints; raw linseed oil 
pints; blue black paste pints; and 
pints light grey enamel each cwt. 
paint. This formulation 
superseded one based titanium 
dioxide and antimony oxide, which 
not given detail. The new paint 
have improved chalking 
characteristics and more durable. 
applied over zinc chromate iron 
oxide primer which has and oil-modified 
alkyd resin medium. The primer 
improvement over 
primer, but not considered com- 
pletely satisfactory for steel—ZDA. 


Study Primers for Ferrous Metals 
Atmospheric Exposure Progress 
Report IV. Anon. Amer. Paint Conven- 
tion Daily, 33, (6-B), (1948) Nov. 
(7-A), 28-32 (1948) Nov. 

interim report the condition 
steel panels painted with recommended 
paint systems, after about one year’s 
exposure. Only slight deterioration had 
occurred, little learned from 
the results present. However, few 
panels were given priming coats only, 
and from them appears that red lead 
and zinc chromate are better than basic 
carbonate white lead, iron oxide alu- 
minum. Zinc chromate, zinc oxide and 
leaded zinc oxide are components 
many the hundreds paints under 
test, for which the experimental data 


American Gum Importers Labs. Prime 
Coatings. Can. Paint Var. 22, No. 
16, 48-56 (1948). 

_Primers based tung, fish, linseed, 
dehydrated castor and soybean 
oils and combinations with natural and 
Phenolic resins and pigmented with zinc 
chrome, red led and zine dust, were ap- 
plied steel panels and evaluated under 
exterior exposure and immersion 
salt water. The best oils were bodied 
linseed, linseed/oiticica and linseed/tung 
mixtures and the best resins. Black East 
ength varnishes gave generally good re- 
sults. Red lead and zinc chrome were 
the best pigments.—RPI. 


Between Fungistatic Ac- 
tivity and Structure Series Simple 
Chem. Ind., 68, 12-6 (1949).—RPI. 


Primer for Metal. Chem. Eng., 56, No. 
(1949) Feb. 

Rust-O-Primer, developed the 
Wilbur and Williams Co. Boston, 
vinyl-base, quick-drying, wet primer, 


ABSTRACTS 


applicable over wet dry, clean 
rusted metal, including steel, aluminum 
galvanizing. provides hard, paint- 
able foundation for any type paint, 
including ship-bottom paints, well 
acid-caustic bond vinyl-type finish. 


The Fight Against Corrosion. Associa- 
tion Belge Pour L’Etude, L’Essai 
L’Emploi Des Materiaux. Chim. Peint., 12, 
No. 33-4 (1949). 

outline the research programs 
initiated the ABEM for evaluating 


paints corrosion-preventing systems. 
—RPI. 


Organic Coatings for Industrial Struc- 
tures and Equipment. Can. 
Paint Var. Mag., 22, No. 30-33, 
(1948). 


WILKINSON 
Line 
Locator 


LIGHT 


HANDY 


POWERFUL 


This the locator that has set 
new high standards for perform- 
ance, indispensable for all pipe 
line construction jobs and for gen- 
eral maintenance work. light 
but powerful—a simple, one-man 
tool that does EVERY job. Regard- 
less depth, part your under- 


description the use vinyl resins 
bases for the preparation priming, 
anti-corrosive and top-coat paints for 
steelwork. The system was based re- 
sults obtained from ships’ bottom paints 
and considerations the electrolytic re- 
sistance organic coatings. High abra- 
sion resistance, chemical resistance and 
rapid drying are claimed.—RPI. 


Bates. Mar. Eng. Ship. R., 53, 66, (1948) 
Nov.; Brit. Shipbuilding A., No. 
(1949). 

The authors re-state the basic princi- 
ples governing the painting ships 
protection against corrosion and foul- 
ing. The main interest the article lies 
the formulae given for paint systems 


One-Man 
One-Hand 


soundly 
designed, sturdily 
built, precision 
locator 


ground pipe system can hide from this electronic sleuth. Its skill detection un- 
hampered conditions that stymie ordinary devices. Especially designed for rough field 


use and for long distance pipe line jobs. 


WILKINSON LINE LOCATOR 


(Pat. Pending) 


Write for complete literature and prices 


WILKINSON PRODUCTS 


COMPANY 


Originators of light weight all-purpose quality locators 


Box 1774, Wilshire-LaBrea Sta., Los Angeles 36, California 


|_| 
or 


CORROSION 


for ships’ bottoms, boot topping painting 
and top side painting, which have proved 
satisfactory 


Synthetic Resins and Rubber Derivi- 
tus. Afinidad, 25, 355-9 (1948); Brit. Abs. 
557 (1948). 

Marine corrosion and its prevention, 
mainly means synthetic resins, are 
dealt with. The nature and mechanism 
corrosion are briefly discussed, and 
the requirements good protective 
film indicated, together with the main 
characteristics efficient anti-fouling 
composition. Marine anti-corrosive coat- 
ings may based phenolic resins 
soluble drying oil chlorinated 
rubber, which now 
ferred. 


Fireproofing Agents. FARBENINDUS- 
PB. 63710, Frames 34-7; Prev. Det. 
Abs., (1948), Plas 32. 

composition prepared the basis 
resin, sugar, borax. 


Paint. The Foundry, 77, No. 177 
(1949) Mar. 


new paint, available aluminum 
and black, may applied directly over 
rusty surfaces without cleaning scrap- 
ing. reputed penetrate the rust 
layer, render inactive and seal the 
surface against further rusting. may 
painted over with any 
enamel. Also available high heat- 
resisting aluminum paint designed for 
use painting boilers, furnaces, conden- 
sers, compressors, ovens, stacks, engines, 
steam lines, exhaust manifolds and other 
interior exterior metal surfaces. 
also may used for painting wood, 
brick concrete surfaces. Both paints 
are products Speco, Inc., Cleveland, 
Ohio.—ALL. 

Corrosion Protection Zinc Parts 
with Paints. Galvano, 129, (1947). 


Four paints are described.—MA. 


The Production Colors and Protec- 
tive Films and Zinc Alloys. 
flache, No. 146-149 (1948). 

Most the non-eiectrolytic processes 
for the coloring and surface protection 
zinc and its alloys are briefly de- 


Paints for the Protection Zinc Ob- 
jects. Anon. Galvano, 16, No. 129, 
(1947) Electroplating, 4,148 (1948). 


number formulae are given. 


Ind. Fin., 484-8 (1949) Mar. 


general survey paint constituents, 
classified varnishes, pigments and 
solvents. The section white pigments 
contains mention zine oxide, but 
reference made lithopone, which 
has good properties but said 
inferior titanium dioxide reducing 
power and resistance acids. Zinc 


Organic Finishing Magnesium. 
ALLEN Gray. Prod. Fin., 13, No. 72+ 
(1949). 

Emphasizes the importance the cor- 
rect choice priming coat. Zine chro- 
mate pigment recommended, provided 
has low sulphate and low. chloride 
Red oxide has also proved satis- 


NATIONAL ASSOCIATION CORROSION 


factory, but pigments such graphite 
which may give rise galvanic action 
should avoided. Resistance mois- 
ture permeability also important 
primers for magnesium. Two coats 
should used. Choice finishing coat 
depends almost entirely conditions 
exposure 


Strippable Plastic Coating Protects 
Surface Finishes (on steel). Gray. 
Prod. Fin., 12, No. 54-8 (1948) 
Steel Inst., 159, 226 (1948). 


The use easily removable plastic 
coatings prevent damage stainless 
steel during pressing and drawing dis- 
cussed.—RPI. 


Paint Civil Engineering—A Review. 
Paint Manuf., 18, No. 10, 
343-6 (1948). 


The causes rust-formation, the im- 
portance descaling iron and steel sur- 
faces and the filling crevices left 
welded joints are mentioned. Where de- 
scaling impossible, thin coat red 
lead paint may applied keep the 
scale intact during fabrication. While 
paints not adhere well galvanized 
iron, they take very well zinc coat- 
ing applied spraying (e.g., the 
Schori method). Tar/aluminum paint 
has proved satisfactory paint for steel- 
work 


Heat Resistant Paint. Chem. 
Eng. Process Inds., 30, No. 134 (1949) 
Mar. 

paint which will resist temperature 
1000° has its basic constituent 
butyl titanate, which produced from 
rutile and ilmenite “black sand” beach 
deposits. Tests carried out inside main 
flue stack botler plant showed that 
new paint remained intact after 
weeks, while ordinary paint had com- 
steel base had commenced. Paint also 
reported afford protection against salt 
water and preliminary tests show that 
submerged parts ships require less 
repainting with new paint than with con- 
ventional products. The titanate not 
inflammable. Announced Council for 
Industrial and Scientific Research.— 


INCO. 


The Protection Steel Against At- 
mospheric Corrosion and Marine Foul- 
ing. Discussion. Iron Steel Inst., 161, 
No. (1949) Feb. 


discussion papers presented 
the Iron and Steel Institute 1948, in- 
cluding the following noted these ab- 
stracts: 48-172, The Protection Iron 
and Steel Various Non-metallic Coat- 
ings (J. Hudson and Banfield); 
48/824, Studies Anti-fouling Composi- 
tions (H. 48/241, Cementiferous 
Paints (J. Mayne and Thorn- 
hill); and 48/242, Marine Exposures 
Cementiferous Painting Schemes (K. 
Pyefinch.)—ZDA. 


Finishes for Light-metal 
tion Equipment. MANN. Org. Fin., 
No. 459 (1948); Chem. Abs., 43, No. 
420d (1949). 


Recommended techniques are given for 
coating railway and bus equipment. The 
necessity stressed for chemical treat- 
ment aluminum and magnesium before 
coating ensure adequate 


ENGINEERS 


Chlorinated Rubber Protective 
Corp. Can. Chem. Proc. Inds., 33, 
Mar. 


for maintenance paints 
finishes. alkyd and varnish finishes 
speeds drying, increases 
improves resistance coating. 
graphs illustrate the point the 
—INCO. 
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Paint Finish for Domestic Goods, 
Ind. Fin. (U.K.) 
Feb. 


Washing machines, wringers, etc, 
finished the works jp. 
teresting though minor 
sprayed zinc the tub washing 
machine. The inside the top rim 
sprayed before phosphating and 
ing. The treatment prevents the 


Protection Metal Ships’ Bottoms, 
MASSEILLE. Chim. Peint., 11, No. 
(1948); No. 36-40 (1949). 

brief mention recent ideas 
methods combating 


Tropic Proofing. Ministry Suppl 
and H.M.S.O. 1949. pp. 

this general survey, little mention 
made the behavior zinc goods 
note, however, that Sherardized fittings 
are recommended for leather goods, 
place the usual iron; and 
chromate pigmented lanoline 
suggested for the protection 
loys. The section paints indicates that 
the ultraviolet absorption and antiseptic 
properties zinc oxide should bene 
ficial, but that chalking tendencies 
much aggravated. Dark colored finish- 
ing paints are said more durable 
than light-colored ones direct outdoor 


Formulation Corrosion Resistant 
610 (1948) Dec. 


The use chromate anti-cor 

rosion paints described. The chromate 
and oxide both improve the 
paints pigmented with 
outstanding for steel panels 
mersed sea water. There long 
section vehicles for corrosion resist 
ant 


(1948). 

Protection against rust provided 
paint based special. naturally 
curring micaceous iron oxide 
linseed and tung oils, which 
applied once every 


Large Steel Products Company 
tects Galvanized Steel with Zinc Dus 
Paints. Anon. Paint Prog., No. 
(1948) Sept. 

Notes zinc dust 
according their vehicles, and 
scription the painting 
structures. linseed oil paint was 
phosphated galvanized steel 
when became necessary replinish 
coating, this could done 
painting. The illustrations show 
applications this coating 
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Fume-proof Paints Invade General 
House Paint Field. Anon. Paint 
6-7 (1948) Sept. 

These paints not contain pigments 
which form dark-colored sulphides, and, 
therefore, they not darken indus- 
trial atmospheres containing sulphur 
compounds. The pigment mixture con- 
oxide, zinc oxide and selected extenders. 

The properties the paints are de- 
scribed, and photographs buildings, 
after years’ weathering, show that these 
paints are durable and 


Phosphate and Colored Plastic Coat- 
159, 226 (1948). 

The use the coatings for protection 
and decoration 


Corrosion-Protective Films. 
huttenmann. Monatsh. montan. 
Hochschule Leoben, 93, 42-4 Chem. 
Abs., 42, No. 21, (1948). 

general discussioon naturally 
formed (oxide) films and paints and 
lacquers. Natural films created chemi- 
cal reaction between metal and attacking 
substances have the valuable property 
regenerating themselves when dam- 


Paints for Marine Use. Anon. Shipping 
World (1949) Jan. 12. 


brief survey recent literature 
paints for marine use. Modern anti-cor- 
rosive and anti-fouling paints are de- 
scribed, including zinc dust and cement- 
paints. Among the less familar 
formulations mentioned are oil modified 
phenolics and alkyds pigmented with zinc 
oxide for protection against corrosion. 
details are given the actual per- 
formance the paints but there are 
references the original 


Paints and Protective Coatings. 

Sewage Works J., 20, 319-23 
(1948); Chem. Abs., 42, No. 22, 919b 


the Chemical Production Thick 
Protective Coatings Magnesium Flu- 
Arch. Metallkunde, No. 99-102 (1948). 


study was made the formation 
protective coatings magnesium fluor- 
ide mangesium alloys containing alu- 
manganese and cerium. The optimum 
conditions were found be: treat- 
ment aqueous solutions sodium 
hydroxide (50-100 <170° and 
>180° under pressure atm., the 
temp. being reached over period 
hr. and then being maintained for 
min.; fine-grained, polished, firmly ad- 
hering films were pro- 
duced, which varied thickness from 
according the temp. and type 
alloy; subsequent heating for 


acid fluorides silico-fluorides 
(strength not given). Extraordinary re- 
sistance aqueous and chemical cor- 
was shown films only 
thick; when immersed sea water con- 
taming 0.1% hydrogen peroxide for 
days the specimens were completely un- 
attacked and were greatly superior 
Specimens treated the dichromate 
Process. Specimens were also very re- 
Sistant ignition temp. beyond the 
the 


ABSTRACTS 


Solder Stops Steel Tube-Sheet Corro- 
sion. Southern Cali- 
fornia Edison Co., Los Angeles, Calif. Cor- 
rosion, No. (1948) June. 


combat the electrolytic corrosive 
action which resulted from the use alu- 
minum-brass condenser tubes and mild 
steel tube sheets circulating brine, 
several types protective coatings were 
applied tube sheets. The efficiency 
lead, tin, zinc, monel, 50% lead-50% tin 
solder, and several types organic coat- 
ings was evaluated. 


50% lead—50% tin solder covered 
with several layers organic coating 
gives good results and may efficient 
for least 2-3 yr. Cathodic protection 
offered circular plates also 
effective supplementary protection 
minimizinng galvanic action—PDA. 


Corrosion Investigations the 
Ingeniorsvetenskapsakademi. TENG- 
STRAND. Farg och Fernissa, 12, No. 81-5; 
No. 103-7; No. 136-9; No. 10, 155-8; 
No. 11, 171-3; No. 12, 177-80 (1948). 

The results exposure tests covering 
primers and finishing coats (form- 
ulations given detail), several expos- 
ure stations, and extending over yrs. 
are reported general terms. Finishing 
coats were usually compared over red 
lead primer and primers under finish 
pigtd. with micaceous iron oxide, and 
aluminum. exception was made with 
alkyd paints which were examined 
complete system. Three-coat systems 
gave much better results than two-coat 
systems, but the performance indi- 
vidual paints was much more dependent 
upon the locality and the exposure 
conditions (front back panel, hori- 
zontal, inclined position). Normal 
types anti-corrosive primer containing 
true anti-corrosive pigt. sufficient 
quantity generally performed the best. 
Some unorthodox types primer were 
unsuccessful. For between coats, good 
results were given micaceous iron 
oxide/aluminum paints. For 
coats, white lead white lead/aluminum 
paints gave high performance provided 
that they were used conjunction with 
polymerized oil; simple boiled lin- 
seed oil was used medium, the re- 
sults were much poorer. Other white 
pigts. had poor durability. Micaceous 
iron oxide/aluminum paints were also 
good finishing 


Protective and Decorative Coatings. 
Towne. Ind. Gas, 27, No. 5-7, 22-3 
(1948); Chem. Abs., 42, No. 
(1948). 

brief deseription Bonderizing and 
other metal-finishing treatments.—RPI. 


Recent Progress Metal Priming 
Peint. 10, No. 265-70; No. 10, 304-5 
(1947). 

The properties media, pigments and 
paints which have specific application 
the requirements corrosion protection 
are considered and the importance the 
newer materials noted.—RPI. 


Rubber Coating for Steel. 
VERNON. Rubber Developments, 1948, 
India Rubber J., 116, No. (1949). 


flexible latex rubber coat which 
sodium benzoate (based the rub- 
ber) incorporated keeps metal bright 
and free from rust even under humid con- 
ditions. Sodium benzoate will also act 
rust inhibitor other aqueous film- 
forming dispersions.—RPI. 
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Application and Performance Bot- 
tom Paints. Warp. Pac. Mar. Rev., 45, 
(1948); Brit. Shipbuilding R.A., 
No. 11, 518 (1948). 

The relative merits plastic and con- 
ventional ship bottom paints are dis- 
cussed, the preference being for the 
latter. The importance thorough 
cleaning empahsized and power-driven 
roller-shaped wire brushes are recom- 
mended. For application, wide field 
use foreseen for pressure-fed brushes. 
—RPI. 
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MACHINE 


CAUSTIC BATH. remove cutting oil grease, 
bare pipe first dipped the hot caustic 
rinsed clear hot water. 


PRE-HEATING the pipe 90°F. dries off every 
trace moisture. This temperature maintained through- 
out cleaning, priming, coating and wrapping. 


THE “ROTO-GRIT-BLAST” machine cleans and 


etches the pipe bond primer and coatings permanently. 


PRIMING-DRYING ROOMS. Priming 
ately follows grit blasting. The primed pipe conveyed- 
not rolled—through the drying rooms, preventing scuffing 
marring the priming coat. 


MELTING COATINGS. All coatings are heated 
with positive temperature control small batch kettles, 
mechanically agitated. 


COATING AND WRAPPING scientifically 
applied with modern Hill, Hubbell equipment strict 
herence your specification. 


Send for Hill, For years... 
new “Book Pipe Protection the pipe protection! 


COATING AND WRAPPING 
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USE THE MEMBERSHIP LIST 


The membership list published herein intended for 
use connection with the activities the Associa- 
tion. Its use for circularization purposes not directly 
connected with those activities not approved. 
Members are requested assist the officers dis- 
couraging the use this list for any unauthorized 


purposes. 
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Listing 


Abbey, Oscar A........ Chicago, Ill. 

Colorado Springs, Colo. 
Abernathy, M. A...Shreveport, La. 
Abraham, .Lake Charles, La. 


Adams, Jack V Ala. 
Adamson, N. a .Portsmouth, Va. 
Kirkwood, 
Aker, Lewis P....... Louisville, Ky. 
Akerberg, George E................ 
Washington, D. C. 
Alexander, Thomas W., Jr......... 
Pittsburgh, Pa. 
©, Weehawken, N. J. 
Allen, Henry W...... Houston, ‘Tex. 
Allen, Russell J....Harrison, N. J. 
Allen, W. O.....Wichita Falls. Tex. 
Ni... Midland. Mich. 
Altenburg, Charles J............... 
New York, N. Y. 
Altenburger, Clarence L........... 
Amador, F. J 
ahs Caracas, Venezuela, S. A. 
Andersen, H, Bruce... 


Anderson, Albert A....Hobart, Ind. 


Anderson, Edmund ‘Arnold PEA 
Anderson, H. H....... Houston, Tex. 
Anderson, Joseph Milton........... 


Andrew, Harold O..New York, N. Y. 
Andrews, Alvin G..Dearborn, Mich. 
Aperuie, Charles J.,. Jr... 

Los Angeles, Calif. 
Aretz, William H.. Pa. 
Armstrong, Bob J.....Houston, Tex. 


Murray Hill, N. J. 

Arnold, Wylie H.. Charlotte, N. C. 

Armoldy, Houson, Tex. 
rtese, .Wil 

os Angel lif 

Aude, | Cisco, Tex. 

Tulsa, Okla. 

Auld, David..... D. C. 

Austin, Raymond A.. .. Tulsa, Okla. 

Avey, Tulsa, Okla. 
xelrad, B. Freeport, Tex. 

Axelson, G. R......... El Paso, Tex. 

Oliver... Los Fresnos, Tex. 

yres, Robert F...New York, N. Y. 

Babcock, L. F....... Shreveport, La. 

Babin, John..... Los Angeles, Calif. 
achman, Paul W.. .Baltimore, Md. 

Bacon, Thomas ee Dallas, Tex. 

Badger, Edward 

Badrena, Fernando, Jr..... 

Pitt 

Bagsar, Hook, Pa. 
ailey, Alex Chicago, 

Oklahoma Okla. 
Hugh W...... St. Louis, Mo. 

Montreal, Quebec, Canad 

Beker, Beaumont, Tex. 

ier: Ralph D...New York, N. Y. 

W. W.. . . Independence, Kan. 


Philadelphia, Pa. 


Baldridge, Willis M...... Alton, Ba 
Baldwin, ....New York, 

Ball, Charles I...... Cleveland, Ohio 
Ball, James F.......... Tulsa, Okla. 
Ball, Norman D....Shreveport, La. 


Bammel, Charles A...Houston, Tex. 
Bammel, Emmett O., Jr..........- 

PRE South Charleston, W. Va. 

Los Angeles, Calif. 
Barkow, C. Rifle, Colo. 
Barlow, Victor E... Wellington, Kan 

Halifax, Nova Scotia, Canada 
Barnard, W. E...... Maywood, Calif 

Long Island City, N. Y. 
Barnes, BR. Y¥....... Cleveland, Ohio 
Barrett, E. D........ Detroit, Mich. 
Barrett, Jack P........ Tulsa, Okla. 


Barrett, Robert C., Woodward, Ala. 
Barron, Donald W..New York, N. Y. 


Barrow, D. N........ Houston, Tex. 

Barry, H. B........Springfield, Mo. 
Belleville, N. J. 
Bartolero, Carlo..... Oakland, Calif. 


Bartolina, Edward A...Tulsa, Okla. 
Bartram, Robert William.......... 


Basil, John Leslie... Annapolis, Md. 
Baskett, Forest....... Houston, Tex. 
Bassani, F. F...Rock Springs, Wyo. 
Battle, Jack L........ Houston, Tex. 
Battle, Thomas J..New York, N. Y. 
Manes, Art G... Dallas, Tex. 
Baughman, George W............-- 

Baunach, Robert P., 


Beam, Russell C...Middletown, Ohio 
Beatrix, Raymond H... Paris, France 
Beattie, George. . .Des Moines, Iowa 
Bebbington, Marguerite............ 

Bechtold, Ira C..Los Angeles, Calif. 
Beck, Franklin H...Columbus, Ohio 
Beck, Walter........ Bethlehem, Pa. 
Becker, Wm. D....New York, N. Y. 
Beckwith, Laurence J.............- 

Milwaukee, Wis. 
Augusta, Kan. 
Bedell, William S...Nederland, Tex. 
Bedford, Gordon T. 


Beecherl, Louis A., 
Corpus Christi, Tex. 


Beesley, Glyn W........ Dallas, Tex. 
Beezley, H. V....... Shreveport, La. 
Begole, Edgar Ray...Augusta, Kan. 
Behn, Daniel R...El] Segundo, Calif. 
Behrenfeld, T. J....... Tulsa, Okla. 


Beitler, Gerald S....Columbus, Ohio 
Bell, Lawrence H....Coolidge, Ariz. 


Belson, Maurice W..Shreveport, La. 

. Sterling, Ky. 


Bennett, T.....New York, 
Bennett, Charles E..Paterson, N. J. 


Bennett, H. R....... Shreveport, La. 


Shawinigan Falls, P. Q., Canada 
Benson, Lamont J....Louisville, Ky. 


Montreal, Quebec, Canada 
Berdan, Marshall S...Houston, Tex. 


Bermann, Morton..Brooklyn, N. Y. 
Berringer, John C..... Elwood, Ind. 
Berry, Norton E....Evansville, Ind. 
Bertetti, John W...El Dorado, Ark. 
Besse, Paul...New Orleans, La. 


Best, George E...... Baltimore, Md. 
Bethon, Henry Edwin............. 
Washington, D. C. 


Bialosky, Jerome M.. Pittsburgh, Pa. 
Biddison, P. McDonald.Chicago, Ill. 
Bienvenu, Alan L...Maplewood, La. 
Owensboro, Ky. 

Niagara Falls, N. Y. 

New Kensington, Pa. 
Biondolillo, Sando....Buffalo, N. Y. 


Bird, Frank S.....New Orleans, La. 


East Chicago, Ind. 
Bixby, Willard F....Cleveland, Ohio 
Bjorksten, Johan....Madison, Wis. 
Black, Bobby E..Los Angeles, Calif. 
Black, Charles A...Gainesville, Fla. 
Black, Ernest B...Kansas City, Mo. 

Kansas City, Mo. 
Blackburn, Duncan A.............. 

Blaese, Arnold 


Blair, Charles M 


Webster Groves, Mo. 
Blair, John Tulsa, Okla. 
Blake, George H.....Newark, N. J. 
Blake, J. A..... Los Angeles, Calif. 
Blanchard, C. A...... Houston, Tex. 

Baton Rouge, La. 

Blohm, Clyde L..Los Angeles, Calif. 
Boberg, Irving E....... Chicago, IIl. 
Bock, Morris..... ....Dallas, Tex. 
Bodfish, Howes..... Baltimore, Md. 
Bond, Donald H...... Houston, Tex. 


Bonner, W. F...East Newark, N. J. 
Bonnet, Robert W.. . Lafayette, Ind. 


Book, C. C...... Pauls Valley, Okla. 
Boone, Harold C......... Joliet, Ill. 
Borst, George E...Philadelphia, Pa. 
Bosley, Samuel E....... Tulsa, Okla. 
Bossard, Leroy T....... Tulsa, Okla. 
Bost, Arnon Tulsa, Okla. 
Bottoms, Vernon B....Midland, Tex 


Bourgeois, Earle Norco, La. 
Bowan, Walter J 


Bowden, Raymond C., 


Bowen, Lloyd O., Jr. 

Bowen, Milton M....Cleveland, Ohio 
Bowman, M. 

Cucuta, Colombia, S. A. 
Boyd, George E...New York, N. Y. 

Galveston, Tex. 
Bradbury, J. E........ Chicago, IIl. 
Bradfield, Stephen A.............. 

Los Angeles, Calif. 
Bradley, F. E...Los Angeles, Calif. 
Brady, Hugh A......... Tulsa, Okla. 
Brady, Merritt H..Emeryville, Calif. 
Bralley, J. C......-+ Cushing, Okla. 
Brannan, Albert Ira............-.- 

Brannon, R. A....... Houston, Tex. 


Rochester, N. Y. 
Brasher, Harold C....Midland, Tex. 
Brasunas, Anton Desales........... 


Brecheisen, Charles M............-- 
Wichita, Kan. 


Breitenbach, Paul.El Cerrito, Calif. 
Bremer, Clarence..New York. N. Y. 
Brendel, Robert O....Houston, Tex. 
Brennan, John R., Los Nietos, Calif. 
Breshears, F. S....... Houston, Tex. 
Brewster, Carroll, 

Philadelphia, Pa. 
Briggs, Clay ..... Bartlesville, Okla. 
Briggs, H ....-Los Angeles, Calif. 
Briggs, W. R.....Philadelphia, Pa. 
Brightly, Frederick C...Chicago, III. 
Brinen, Howard F...... Racine, Wis. 


embers 


Brink, Edward G........ Media, Pa. 
Britton, H. B.....New York, N. Y. 
Brock, Chelsey L., Jr., Houston, Tex. 


Bronstein, Emanuel H...........-. 

Barberton, Ohio 
Brookes, A. Sidney...Newark, N. J. 
Brooks, Richard H., Jr............- 

Tulsa, Okla 
Brooks, William B....Freeport, Tex. 
Broom, Miami, Fla. 
Broome, W. A...... Shreveport, La. 
Brough, 

Salt Lake City, Utah 


Brown, Charles D.....Houston, Tex. 
Brown, Harold H....Appleton, Wis. 
Brown, Harry F., New Haven, Conn. 
Brown, Hugh E....Cleveland, Ohio 

San Francisco, Calif. 
Brown, Marshall H 

Brown, R. H...New Kensington, Pa. 
Brown, Vern Tulsa, Okla. 
Brown, Vernon M... 


Ee Calgary, Alberta, Canada 
Browning. R. T....Belleville, N. J 
Broyles, Wayne E.....Houston, Tex. 
Brudvig, Lloyd A. ....Houston, Tex. 


Bruke, H. W...... Omaha, Neb. 
Brunkow, Ivan L...... Tulsa, Okla. 
Brush, Edwin G....Pittsfield, Mass. 


Bruyere. Wm. H.....Longview, Tex. 
Bryan, Lloyd..... Bartlesville, Okla. 
Bryson, James A...Libertyville, Ill. 
Buchan, Rudolph C.. -Houston, Tex. 
Buchanan, Walter A............-.- 

New York, N. Y. 
Pittsburgh, Pa. 
Buddrus, E........ Kansas City, Mo. 
Buehler, Martin J. H.............. 

Buell, James H......... Chicago, Ill. 

Bullock, Robert L...... Tulsa, Okla. 
Bolow, C.. Bridgeport, Conn. 
Bundrant, Charles Ollie........... 

Burd, Harry G...... Ansonia, Conn. 
Burgess, Wilbur T.....Omaha, Neb. 
Burlingame, M. V.....Chicago, II. 
Burnett, Graydon E...Denver, Colo. 
Burnett, William C.. 


Burns, C. A...... Lake Charles, La. 
Burns, D. L...... Port Arthur, Tex. 

..Trail, British Columbia, Canada 
Busch, Paul E...... Shreveport, La. 


Caldwell, Joseph A... 
Calhoun, George H....Houston, Tex. 
Callahan, Melvin C.....Tulsa, Okla. 
Callahan, V. L....Little Rock, Ark. 


-Houston, Tex. 


East Pittsburgh, Pa. 
Campbell, B....... Houston, Tex. 
Campbell, C. Langdon............. 
Painesville, Ohio 
Corpus Christi, Tex. 


Denver City, Tex. 
Cantwell. Guy H., Indianapolis, Ind. 
Capaul, R. W...... Waterville, Ohio 
Cardwell, Paul H....... Tulsa, Okla. 
Carlson, Eric G., Philadelphia, Pa. 


q 
Battle Creek, Mich. 
Blaine, Russell K........Peoria, 
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Crane, Harold E., Jr 


Craver, Albert 


Los Angeles, Calif. 


Pittsburgh, Pa. 
Cleveland, Ohio 
..Midland, Tex. 
Crawford, Murray L 
New Orleans, La. 
.Milwaukee, Wis. 


Carmouche, H. D.. 


.Houston, Tex. 
Carr, Josep J. 


h A.. Ridgewood, 


Dolson, Frank E., Jr 
University City, Mo. 


Houston, Tex. Pa, 
..Cleveland, Ohio 
Shreveport, La. 


Philadelphia, Pa, 
.New York, N.Y. 
la. 


Crawford, W. E... 
Creevy, Joseph A., Shreveport, La. 
Crenshaw, William H 


Carter, Ben F 
Carter, Geo. M., Jr 
Minneapolis, Minn. 


Philadelphia, Pa. 
K., Birmingham, Ala. 
Donovan, Lewis B., New York, N. Y. 
Donovan, W. H., Jr. 


Donoho, Chas. 


Farrar, Walter B.. 
Farwell, Milo S.. 

Francisco, 
Arthur, Cincinnati, Ohio 
Featherly, Robert L.. 
Febrey, H. H 
Feldman, Karl T 
Kan, 
Feller, Eugene 


Sone William W., Springfield, Mass. 


Cribley, K. C., Corpus Christi, 
Crobaugh, Albert O., Caldwell, N. J. 
Croft, William F. i 


Birmingham, 
-Houston, Tex. 


Doremus, E. P....... 
Doremus, Gordon L...Houston, Tex. 
Dorsey, Joseph S 


Castle, Harry, 


Los Angeles, Calif. 
Detroit, Mich. 


Rochester, N. Y 
Cromeans, Olyndia L. 


Saginaw, “Mich, 
Cleveland, Ohio 


Angeles, Calif. 
.Elizabeth, N. J. 


Cavanagh, W. 
Cayford, James M...Cleveland, Ohio 
Cecil, Lawrence K 
Chadwick, R. 


Doss, Glenn K.... 
Dotterweich, Frank H 


New York, N. Y. 
Crowe, Raymond H...Houston, Tex. 
Culbertson, Alan F i 
Culbertson, J. L... 
Cullen, Thomas G.... 
Cullen, Thomas J 
Cunningham, Wm. A...Austin, Tex. 
Clarksburg, W. Va. 
Curll, Vincent A., Philadelphia, Pa. 
Curran, James J., Greensburg, Pa. 
Curran, Michael 
Cushing, Daniel 
Cushman, George A., Brenham, Tex. 
Cutting, Merritt E 


Tulsa, Okla. 


Tex. 
Dougherty, Wm. J., Sioux City, Iowa 


New York, N. ¥ 


Huntington Woods, ‘Mich, 
.Orinda, Calif. 


St. Louis, Mo, 
Cleveland, Ohio 
Fergusson, Robert A., Evanston, II], 
Fernandez, Henry J.. 

Texas City, “Tex, 
Grajales, 
Mexico City, Mexico 
Ferree, Ray J.,...... St. Louis, Mo, 
Fetner, J. C., Jr., Pittsburgh, Pa, 


Douglass, E. W.... 
Douglass, Harry E 


-Carlsbad, N. M. 


Fenner, Otto H 
Fergus, D. J 


Los Angeles, Calif. 
.Appleton, Wis. 
Houston, Tex 


Baton Rouge, La. 


Walter H 
Casa Grande, Ariz. 

..Freeport, Tex. 
‘Norman, Okla. 
Texas City, Tex. 


Fernandez Y, 


Draughon, Charles R 


Chatelain, John B.. 


Dubois, Carlton H.... 


Tulsa, Okla. Duggan, James J 


Boston, Mass. 


South ee W. Va. 
..Hawthorne, Calif. 
Cleveland, Ohio 
.Long Beach, Calif. 
-Mahwah, N. J. 
-Seattle, Wash. 


Chesnutt, N. P I 
i Crawford Ellis.......... 
West Lake, La. 


Cc. F 
Dunham, R. A.. 
Dunlap, Gordon E... 
Dunning, Sheldon... 
Durning, A. W...New Orleans, La. 
Dutton, W. L 


New York, N. ¥. 
Fetters, Karl L... Youngstown, Ohio 
Fink, Frederick W., Columbus, Ohio 
i Houston, Tex, 
Freeport, Tex, 


Benjamin 
Washington, D. C. 
.Kokomo, 


Chisholm, Charles G.. 
Christ, George J.. 
Church, Lawrence T 
Springfield, Il. 
.-Houston, Tex. 


Chatham, Ontario, Canada 
Dwyer, James T 


Claiborne, Tom A.... 
Clancy, J. J 
Clark, Claude L....... Canton, Ohio 
Clark, Hezzie 
Clark, Joseph B 
Clark, Manley H 


Dale, Dudley R 
Hamilton, Ontario, Canada 
Daniels, Leonard J., 


Port Afthur, Tex. 
Baltimore, Md. 
Cleveland, Ohio 


Flanagan, J. C 
Fleming, M. C.. 
Fleming, Thomas J.. 

Santa Monica, ‘Calif 
Flentje, Martin E., New York, N. Y, 
Frederic H... Tulsa, Okla. 
Fletcher, Mark D 
Flickinger, L. C., Youngstown, Ohio 


Flocke, Frank G... 


Dwyer, T. J 
Dyble, Edward 


Dantz, Thomas M., New York, N. Y. 
i E Texas City, Tex. 
Baltimore, Md. 


Newport Beach, Calif. 
..Los Angeles, i 
Clarke, Edward Dean. 
Clarvoe, George W.. 
Clausen, C. C 
Clawson, C. H 
Clay, James A., Jr 


Darrin, Mare 
Daugherty, M. 


Earle, Ralph H 
Davidson, James L., Jr 


Milwaukee, Wis. 
Chicago, Ill. 


.-Muncie, Ind. 
-Manville, N. J 


Garden City, N. Y. 
Tracy, Calif. 


Wichita, Kan. 
-Cleveland, Ohio 


Davie, Frank E.. 
is, Billy Harlan 


East, Leo 


Hackensack, N. J. 


Mesa, Calif. 
College Station, Tex. 


Fort Worth, Tex. 
.. Detroit, Mich. 
Tulsa, Okla. 


Ebersole, Larue Kenmore 
Colorado Springs, Colo. 


Flournoy, R. 
Flynn, E. D 
Foelsch, Henry 


Oakland, Calif, 


is, Edwin G., Haddonfield, j 


Cambridge, Mass. 
San Francisco, Calif. 
Fort Worth, Tex. 
..Fort Worth, Tex. 
Washington, D. C. 
G lencoe, Ill. 


Cleary, John W 


Ww. W 
Eddison, Clifford Camden, 
Hinsdale, Ill. 


Tulsa, Okla. : Ohio 
Houston, Tex. 
Cobb, Stephen P..... i 
Cobbett, C. D., New Kensington, Pa. 


Pittsburgh, Pa. 


E A. Glen 


Pactaar, H. 3. 
Jacksonville, Fla. 


Great St. Helen's, 


San Diego, Calif. 
Bellaire, Tex. 
Martinez, Calif. 
Richard S., Terre Haute, Ind. 
Brooklyn, N. Y. 


Tulsa, Okla. 


Coe, Russell Forbes, L., 
Cohen, 
Colburn, Lyle W..... 
Cole, Frank H.. 


Kingsville, Tex. 


Robert Ris iietattuenss, Ala. Forsman, Robert A..... Tulsa, Okla. 


Bahrein Island 
Persian Gulf 

Dawson, R. A. J.... 

Day, Stephen D 

Deacon, Wm. T 


Kftinger, R.. 


Fickhoff, Arnold J., 
Ellerts, C. Kenneth. 


Ontario, Canada 


.-Houston, Tex. 
Houston, Tex. 
St. Louis, Mo. 


Drexel Hill, Pa. 
rt. Worth. Tex. 
Lafayette, Ind. 
Philadelphia, 


..Cincinnati, Ohio 
-Houston, Tex. 


Dean, Roy O...... Emeryville, 


Coleman, W. 


Marion E.... 
Coleman, W. i 


Elliott, Jack H., 


ins, James H., New Orleans, Minneapolis, ‘Minn. 


New York, N. 
Collora, Nicholas A 


Los Angeles, Calif. 


“AY 


Middletown, Ohio Francisco, Calif. 


Comeaux, Roy V. ....Bayiown, Tex. L. A., San Francisco, 
Emerson, Richard J...E 
..Texas City, Tex. 


y, ‘Conn. 


Penns Grove, N. J. 
Dehaan, Peter C... i 
-Baton Rouge, La. 


Henry S.. 


. Riverside, N. J. 
Baltimore, Md. 


Connelly, D. 


Philadelphia, Pa. 
Kensington, Pa. 


Houston, Tex. 


"-Philadelp iglish, Gyme C. 


Philadelphia, Pa. 
Houston, Tex. 
Chic ago, Ill. 


New ‘Kensington, Pa. 
New York, N. Y. 


Birmingham, 


Cook, pi D., 


Mich. 
Cook, <a L., San Gabriel, Calif. 


Port Tex. 


De Rouen, H. A 
Derrick, H. R., Chattanooga, Tenn. 
Detrick, Charles N., Cleveland, i 


Deuber, Carl G 


Erickson, Bert E 
Salt Lake City, — 


Houston, Tex. 


Erickson, C. A., Jr., 
E 


Furgason, Clyde A..... 
Nederland, Tex. § 


E. T. Chicago, TL 
bricson, Rudolph c., Hammond, Ind. 


Briarcliff Manor, N. Y. 
New York, N. Y. 
Bartlesville, Okla. 
Philadelphia, Pa. 


Copson, 
Ft Worth, Tex. Devoluy, Raymond, 
.. Sulphur, La. 
"Topeka, Kan. 
Los Angeles, Calif. 

Galena Park, Tex. 
Chicago, Ill. 


Stephen La, Dewar. S......Bartlesville, Riverdale, Calif. 

Evans, Charles T., Jr., Delmont, Pa. 

y , Clair O., Los Angeles, Calif. 

Shreveport, La. 

..Houston, Tex. 

Pittsburgh, Pa. 

-San Francisco, i 
.. Wilkes-Barre, Pa. 

Evans, Thomas C Oo 

Everest, Guy N 


Dewar, William .. 
Deweese, R. W 
..New York, N. Y 


..New York, N. Y. 

Dickinson, W. F., Los Angeles, Calif. 

Dickson, Lester R 
i N 


Corwin, Gerald A. 


Evans, Herbert V., 


Evans, J. M.. 


Milwaukee, Wis. Angeles, 
-Brooklyn, N. Y. 
Washington, D. C. 
Dietze, Irwin Charles 


New York, N. Y. 


Diehlman, George. Galloway, Joseph F.. 


hi 

Tulsa, Okla. 
Amarillo, Tex. 
Pittsburgh, Pa. 
DeRidder, La. 
Charleston, W. Va. 
. Rochester, 
Lake City, Utah 
New York, N. Y. 


Gally, Sidney K.... 
Gamble, Chas. 


Canal, Passaic, N. J. 
Everett, Albert S 
San Francisco, Calif. 
Everett, Ralph H., New York, N. Y. 
Spokane, Wash. 
Chicago, Ill. 
Tulsa, Okla. 


Birmingham, 
Garber, Glenn D., Lake 


Diggins, Earl 


New Kensington, Pa. 
Dillon, Charles P., Texas City, Tex. 
.Montebello, Calif. 


Cox. C., 
Cox, L.. 
J. 


Gard, M.. 
Gardner, Franklin T., Tulsa, 
Gardner, G. Douglas, Louisiana, Mo. 


Worthington, 


Dishman, L. F... 


Coy ie, G.. 


Garé 
Garr 
Garr 
Garr 
Garr 
Geg! 
Gehl 
Gens 
Ger] 
Gern 
Gern 
Gibb 
Gibb 
Giff 


Gign 
Gilb 
Gilli 
Gilm 
Give 
Glan 
Glas 
Glas 
Glea 
Glen 


Gles 
Gods 


Gods 
Gods 
Goet 


Gohe 
Goin 
Goit 
Gold 
Gold 
Goor 
Gooc 
Gooc 
Goor 
Gore 
Gore 
Gort 
Gost 
Gow 
Gow 
Grat 
Grac 
Gral 
Gral 
Gral 
Gras 
Grat 


Gra\ 
Gra\ 
Gray 
Gray 
Grea 
Gret 
Grek 
Grek 


Grec 
Gree 
Gree 
Gree 
Gree 
Gree 
Greg 
Gre\ 
Grib 


Grif 
Grif 
Grif 
Grig 
Gris 
Griz 


Groc 
Gro} 
Gros 
Gros 
Grul 
Guir 
Gur 
Gut 


Carroll, G. O..... 
3 Carson, John H.. 
Wacnita Falls, Tex. q 
Cates, Walter H................... 1 
Champlin, George D. L 
| .....Rochester, N. Y. Flood, Earl Ono 
Clayton, William Davis, 
Davis, 
slitton, W. TeX. Davis, George Folse, J. B...........Houston, 
Cole, Ralph R.... 
Cole, Robert M... 
Coley, Glenn......... Detroit. Mich Debee) 
Coll 
: Conde, Luis Lopez... ... Engelhardt, Robert Lee............ q 
Condry, James T. Friedman,_Charles 
Connell, Jasper S 
Connon, Willizm Deichler, J. K.... 
Fryer, Carl V..........Cyril, Ok 
Fugazzi, John F.......Denver, Colo. 
Calif. 
aa 
Haa 
Cox, Edwin S, 
Had 


burgh, Pa, 
uston, Tex, 
lelphia, Pa. 
‘ork, N. 
veport, La, 
hesda, Md, 
isco, Calif, 
inati, Ohio 
naw, Mich, 
land, Ohio 
irion, Ohio 
ence, Kan, 
ork, N.Y. 
0ds, Mich, 
Louis, Mo, 
land, Ohio 
anston, II], 
City, Tex, 
ernardo,,, 
ty, 
Louis, Mo, 
Pa, 
ork, N. y. 
own, Ohio 
nbus, Ohio 
ston, Tex, 
port, Tex, 
Louis, Mo, 
licago, Ill, 
ston, Tex, 
ille, Okla, 
ica, Calif, 
ork, N. Y, 
ilsa, Okla. 
ricago, Ill, 
own, Ohio 
hita, Kan. 
land, Ohio 
ison, Ohio 
esa, 
Argo, 
ind, 
‘icago, 
Iphia, Pa, 
ston, Tex. 
Ohio 


s, London 
ston, Tex, 
ville, Tex. 
Isa, Okla. 
rita, Kan, 
rk, N. Y. 
illas, Tex. 
nd, Calif. 
Hill, Pa. 
icago, Ill. 
nati, Ohio 
ston, Tex. 


llas, Tex. 
oit, Mich, 


lis, 
sco, ‘Calif. 
ry, 
La. 
ide, N. J. 
nore, Md. 


ston, Tex. 
rk, 


ami, Fla. 


gton, Pa. 


rk, N. Y. 


ver, Colo. 
ril, Okia. 
ver, Colo. 


ron, Ohio § 
ahy, Wis. § 


and, Tex. 
th, N. J. 


rvey, 
eans, 


es, 


arles, 
1e, Mich. 


Ohio 
sa, Okls 
iana, Mo. 


, Gerald 
rrett ‘red A........Dallas, Tex. 
Paterson, N. J. 
Garner, Paul Barberton, Ohio 
Gehlen, Carl...... New York, N. 
Gensberg, Aaron...... Odessa, Tex. 


German, Mi 
ibbon, Anthony...... Tulsa, a. 
Gibbons, Harry .. Tulsa, Okla. 
i d, Edmund W............-. 


Gilbert, 


Wichita, Kan. 
Glasgow, Clarence O... -Tulsa, Okla. 
Gleason, Alvin T....Shreveport, La. 
Glenn, Denis....Wichita Falls, Tex. 
Gieer, Sol M........ St. Louis, Mo. 

Kingston, Ontario, Canada 


Godshalk, James 


Godshall, J. Byron..... Easton, Pa. 
Goetz, Alvin C.....Cincinnati, Ohio 
Goheen, John L.....Mahwah, N. J. 

San Diego, Calif. 
Goldsby, Fred L....New York, N. Y. 
Good, Donald Blake....Tulsa, Okla. 
Goodrich, C. R.....Fort Worth, Tex. 
Goodwin, Carlton L., Portland, Me. 
Gordon, A. H........ Ogallala, Neb. 
Gorman, L. J.....New York, N. Y. 
Gosnell, Everett C...Cleveland, Ohio 


Goudielock, Wm. O’Brien...... 
Gow, James T....... Portland, Ore. 


Gowans, Louis L...Honolulu, T. H. 
Graber, Waldo E.....Liberal, Kan. 
Grader, K. W.....Philadelphia, Pa. 
Graham, D. W...Los Angeles, Calif. 
Graham, Robert A....Lincoln, Neb. 
Graham, S. B.....New York, N. Y. 
Grassman, Herbert S...Chicago, 
Grau, Vicente Massuet............. 


Long Island, N. Y. 
Graves, R. W....... Shreveport, La. 
Gray, A. E., Long Island City, N. Y. 
Gray, R. M Long Beach, Calif. 
Greathouse, Glenn 


3 Houston, Tex. 
Grebe, John Midland, Mich. 


Greco, Edward C.. . Shreveport, La. 
ereen, Wichita, Kan. 
Green, W. A....... Jonesboro, Ark. 


Til. 
ouston, Tex. 
Greve, Lyman F....... Chicago, Il. 


Grittis, Meridian, Miss. 
...Houston, Tex. 
ari .. Alexandria, Va. 
Griswold, T. N...Ponca City, Okla. 
Grizzard, Eugene 


Gropp, Armin H... -Gainesville, Fla. 
Gross, Lewis. ..Corpus Christi, Tex. 
Ge a St. Louis, Mo. 
ruber, K. A...... New York, N. Y. 
William A., Red Bank, N. J. 
turney, W. B.....Baton Rouge, La. 
John M..... Swissvale, Pa. 


Haas, Charles A...... Houston, Tex. 


Haas, D. Mars 
Haas’ W. Baytown, Tex. 


Haddad, Ibrahim S................ 


Beriut, Lebanon 
adley, Raymond 
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Haering, Vera W...... Chicago, III. 
Hageman, D. E...... Billings, Mont. 
Hagemeier, Charles E.............. 


Slmira, Ontario, Canada 
Hager, Karl F...... Fort Bliss, Tex. 
Hagius, Karl S 
Colorado Springs, Colo. 
North Platte, Neb. 


Long Island City, N. Y. 
Nathaniel...... Newark, N. J. 
Hall, W. Quentin, Baton Rouge, La. 

East Chicago, Ind. 
Halsell, Hampton Uh... 

Haltom, J. Myrl....... Dallas, Tex. 
Hamilton, Archer B............... 


New Kensington, Pa. 
Hamlin, Arthur W.... 
Hammond, Milton B............... 


Harber, Thomas W.....Dallas, Tex. 


Harrison, Scott J...... Tulsa, Okla. 
Hart, James L...Bartlesville, Okla. 
Brookfield, TI. 
Hart, Porter......... Freeport, Tex. 
Hartman, H. F....... Baytown, Tex. 


Harvey, John M....... Tulsa, Okla. 
marvey, W. Newark, N. J. 
Hatch, George B....Pittsburgh, Pa. 
Hatfield, Homer F...Allentown, Pa. 
Hawke, David L...Brooklyn, N. Y. 
Healey, Edward Lewis............ 

Heath, John R...... Cleveland, Ohio 
Hecht, Max....... Drexel Hills, Pa. 
Heck, Stanley M....... Reading, Pa. 
Heideman, William A.............. 

Heil, Carl E........ Cleveland, Ohio 
Heinemann, Gustave ............. 

Heinen, Lawrence E.. Houston, Tex. 
Heinzerling. Robert F 


Helmbrecht, A. J., New York, N. Y. 
Helmrath, Norman K 
Chicago Heights, Il. 
Hemphill, D. B........ Odessa, Tex. 
Henderson, E. L....Shreveport, La. 
Henderson, Mervin W............. 


Henderson, 

A aE London, Ontario, Canada 
Henderson, W. Paul, Baltimore, Md. 
Henderson, Walter A.............. 

Hendryx, John W....Baytown, Tex. 
Henke, Robert: 


Henley, Don J....Port Neches, Tex. 
Henry, Ernest L...... Houston, Tex. 
Herndon, L. Kermit, Columbus, Ohio 

Herstein, Frederick E.............. 


Herzler, Ralph E., Jr., Chicago, Il. 
Herzog, Max A.....Springfield, Mo. 
Hess, Albert W....Philadelphia, Pa. 
Hess, Fred E.....Fort Worth, Tex. 
New Orleans, La. 
Heussner, Carl E.....Detroit, Mich. 
Heverly, L. F.....New York, N. Y. 
Hewitt, Hatry. 


Heye, B. F.....Corpus Christi, Tex. 
Hibbs, Don B.....Kansas City, Mo. 


ASSOCIATION CORROSION ENGINEERS 


Hickethier, Carlos F............... 
Republic, Argentina, 
Hickey, Robert Percy.............. 

Hieronymus, Frantz M., Tulsa, Okla. 
Higburg, Wm....Indianapolis, Ind. 


Fort Worth, Tex. 
Higgins, Waldo W....Kankakee, Ill. 
Hill, Leonard C...... Hastings, Neb. 
Rey W......... Fort Belvoir, Va. 
Himmler, Alden C., Hollywood, Md. 
Hinchman, William D........... 


Niagara Falls, N. Y. 
Hinds, Julian...Los Angeles, Calif. 
Hinkle, Geo. S., Jr...Houston, Tex. 
Hirshfeld, James F...Detroit, Mich. 
Hiskey, D. R...Los Angeles, Calif. 
Hodson, Fred W...... Houston, Tex. 
Hoiberg, Arnold J., El Dorado, Ark. 
Holcomb, William D...Chicago, II. 
Holcombe, Tom L., Shreveport, La. 


Washington, D. C. 
Holloway, J. A....<.cecs Edna, Tex. 
Holm, Emil G........ Houston, Tex. 


Holmberg, Emil G.....Linden, N. J. 
Holmberg, M. E., Bartlesville, Okla. 
Holmes, Laird E...... Robinson, III. 
Holsteyn, Derk....... Houston, Tex. 
Holt, James B...... Carlsbad, N. M. 
Holtman, Clemens W.............. 


Honecker, Walter 

Hookanson, Kenneth G............. 

Morton Grove, III. 
Hopkins, Arthur James............ 

Melbourne, C. 1, Australia 
Hopkins, John R.....Denver, Colo. 
Hopkins, W. H....... Houston, Tex. 
Hopper, Edward 

Pittsburgh, Pa. 
Horne, Albert N...Beirut, Lebanon 
Mormer, Richard 

Jersey City, N. J. 
New Kensington, Pa. 
Atlanta, Ga. 
......-Philadelphia, Pa. 
es B....Bethlehem, Pa. 
Horvath, Louis..... Cleveland, Ohio 
Hosford, Harry W., Cleveland, Ohio 
Hounsell, Wm. H.....Refugio, Tex. 
Howard, Owen G....... Toledo, Ohio 
Howell, John C...Maplewood, N. J. 
Howell, Lynn D., Lake Charles, La. 
Howell, R. P., San Francisco, Calif. 
Hoxeng, Raymond B............... 

Huber, Karl E...Long Beach, Calif. 

Hudock, George W...............- 

Hudson, George H., Jr............. 

Hughes, D. E., Jr.....Houston, Tex. 
Hughes, H. M.......... Tulsa, Okla. 
Hogo, A...... Bartlesville, Okla. 
Hull, George C., Jr...Newark, N. J. 
Hummon, 'C. Gerald. 


Hunter, Felix A....... Sweeny, Tex. 
Hunter, J. N., Jr...... Tulsa, Okla. 
Hunter, Ralph M....Midland, Mich. 
Hunter, Wesley L.....Newark, Ohio 

New York, N. Y. 


Hur, J. James....Philadelphia, Pa. 

Montreal, Quebec, Canada 
Hurst, Ralph........ Jackson, Miss. 

Caracas, Venezuela, S. A. 
Hurtgen, Archibald, Louisville, Ky. 
Hustead, B. G.......-. Kilgore, Tex. 
Huston, Kenneth M., Baltimore, Md. 
Hutcheraft, D. K...... Olean,.N. Y 
Hutchinson, Carroll O., Chicago, Ill 
Hutchinson, Gilbert E.....+........ 

Ireland, L. G.....New Orleans, La. 
Erwin, €.. Brownsville, Tex 

es Port Allegany, Pa 


Jackson, B. R.....New York, N. Y. 
Jackson, C. M....... Newark, N. J. 


Port Neches, Tex. 
Jackson, J. Harry..Columbus, Ohio 
Jackson, Maynard H...Tulsa, Okla. 


Jackson, Russell..... Phoenix, Ariz. 

Ralph 


San Francisco, Calif. 
James, H. E....... Memphis, Tenn. 


Paul W.....Syracuse, N. Y. 
Janssen, W. S.....Texas City, Tex. 
Jednacz, John E...Philadelphia, Pa. 
Jeffares, George M....Atlanta, Ga. 
Jehu, Llewellyn, 

Lachine, Quebec, Canada 


Jekot, Chester M...... Chicago, Ill. 
Jelen, Frederic C...Syracuse, N. Y. 
Jelinek, F. R..... Port Neches, Tex. 


Jenkins, Clark L.....Houston, Tex. 
Vamee 
Jensen, Claude H.....Glassport, Pa. 
Jensen, M. G........... Toledo, Ohio 
Oak Park, Ill. 
Jessen, Frank W....... Austin, Tex. 
Johannes, E. Gent...St. Louis, Mo. 
Johnson, A. G......... 
Johnson, Dewey W.....Chicago, Ill. 
Johnson, Earl A. N., Shelton, Wash. 
Johnson, Elmer A....Lincoln, Calif. 
Johnson, Gerald M., Ft. Worth, Tex. 


Johnson, J. F., Jr., Zionsville, Ind. 
New York, N. Y. 


Freeport, 


Johnson, Thomas E., 
Johnson, W. A 

Melbourne, C. 1, Vic. Australia 
Johnson, Wayne A...Houston, Tex. 


Johnston, Howard E............... 


New York, N. Y. 
Johnston, J. Flynn....Atlanta, Ga. 


ones, Charles C...Philadelphia, Pa. 
ee North Hollywood, Calif. 


Los Angeles, Calif. 


somes. Jackson, Miss. 
Jones, William E........ Dixon, 


cers La Tuque, Quebec, Canada 
Jordan, Harry E 
New York, N. Y. 
Jordan, Raymond C................ 
Shreveport, 
Jorgensen, Roy C.....Freeport, Tex. 
Joy, Austin S...Wilmington, Calif. 


Judah, Melvin A...... Houston, Tex. 

Jurs, Peter C.......Berkeley, Calif. 

Juster, Maurice 


Kahler, H. Lewis, Philadelphia, Pa. 
Kahn, Frank...... Philadelphia, Pa. 
Kaim, Fred J....Minneapolis, Minn. 


Kalhauge, Viggo M..... Chicago, Ill. 
Kamps, Julius M...Pittsburgh, Pa. 


Karnisky, Benny 

East Chicago, Ind. 
Karraker, FE. L.....Waltham, Mass. 

Los Angeles, Calif. 
Wass Tulsa, Okla. 
Kaszynski, John F.....Chicago, Il. 

Kaufman, L. W.....Mansfield, Ohio 
Kaufmann, D. W....Buffalo, N. Y. 


Los Angeles, Calif. 
Kean, E. E., Jr.....Columbus, Miss. 
Keane, Kansas City, Mo. 
Beaney, Pittsburgh, Pa. 

Keepers, Guy S......... Enid, Okla. 


Keiter, Irvin L....Philadelphia, Pa. 
Keith, Cecil S...Grand Prairie, Tex. 
Kellam, G. D 

Calgary, Alberta, Canada 
Keller, Albert Freed, Baltimore, Md. 


Colorado City, Tex. 
Moller, 

We St. Louis, Mo. 
Belles. Houston, Tex. 
Kelly, Thomas F. P., Houston, Tex 
Kellogg, Lucius Andrew........... 


| 
4 Hale, William L., Brooklyn, N. Y. 
Hall, Elwin B...Los Angeles, Calif. 
Hanes, Henry W., Jacksonville, Tex. 
Hanger, K. H........St. Louis, Mo. 
Hardcastle, Coy A., El Dorado, Ark. 
Harden, G. D....East Chicago, Ind. 
Hargroder, A. D., Lake Charles, La. 
Harris, Jack W......Houston, Tex. 
Harris, John J.......Houston, Tex. 
artwick, Otto J.....Houston, Tex. 
Harvey, C. C.....Baton Rouyge 
; 
areen, Willis G., Los Angeles, Calif. Heights, N. J. 
Greene, Ohio Heitman, Talmage M., Jr.......... 
Los Angeles, Calif. 
Grondal, B. J.......Belmont. Mass 
ackerman, Norman. -Austin, Tex, 
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Kemper, E. O......... Odessa, Tex. 
Kendall, Verner V...Pittsburgh, Pa. 
Kenriedy, Harvey 

Kennedy, Ted........ Detroit, Mich. 
Kerns, Everette E...Cleveland, Ohio 
Ketcham, Brower 

San Francisco, Calif. 


Kettron, Henry P.....MacComb, IIl. 
Kiefer, George C., Brackenridge, Pa. 


Kimbro, A. M........ Houston, Tex. 

King, Frederic C., Torrance, Calif. 
King, Glenn W....... Houston, Tex. 
Kinnear, R. C....Port Neches, Tex. 
Kipp, E. M....... New Orleans, La. 


Klauber, L. M....San Diego, Calif. 
Kleber, John P..... Pittsburgh, Pa. 
Klein, Fred. M....New York, N. Y. 


Moyer. Houston, Tex. 
Kleinheksel, S.....Plainfield, N. J. 
Klever, Charles F. .. Omaha, Neb. 
ears Wisconsin Rapids, Wis. 
Klinger, ©. C.....+ Bayonne, N. 
Kluender, Arnold F....Chicago, Il. 
Knapp, Frederick F...............-. 
Knopp, Harold P....Oakland, Calif. 


-New York, N. Y. 
Knowlton, Drexel R...Avenal, Calif. 
Knudsen, H. A...... Oakland, Calif. 

Morgantown, W. Va. 
Rees, Shreveport, La. 
Koester, H. F.....New York, N. Y. 
Kolff Van Oosterwijk, A. R 

Amsterdam, Holland 
Kolzow, Clarence R....Chicago, III. 
Kopetz, Geo. E...... Pittsburgh, Pa. 
Kopita, Robert....New York, N. Y. 
Kopp, C. H....Oklahoma City, Okla. 
Kosik, John A., Chattanooga, Tenn. 
Krell, Abraham J...... Dallas, Tex. 
Kretschmer, William J...........-. 

Columbus, Ohio 

Los Angeles, Calif. 

Sip East Pittsburgh, Pa. 


Krueger, Jess J.....Beatrice, Neb. 
Kruger, R. E......Rochester, N. Y. 
Kuehnle, C. A., Jr...Baltimore, Md. 
Kuhlmann, Frank H., St. Louis, Mo. 
Kuhn, Cyril D........ Houston, Tex. 
Kuhn, Robert J...New Orleans, La. 
Kulman, Frank E., New York, N. Y. 


Knowlton, A. E.. 


Lachmund, D. O.....Newark, N. J. 
Lacy, J. Glen....South Gate, Calif. 

Lawrenceburg, Ind. 
Lain, Albert Eugene. 

Lain, George D...New York, N. Y. 

Lamond, John K... Philadelphia, Pa. 
Lane, B. S........ Kalamazoo, Mich. 
Lane, Russell W........ Urbana, IIl. 
Lang, Franklin...New York, N. Y. 
Langhus, Louis....... Lincoln, Neb. 
F. New York, N. Y. 


Larrabee, C. P.....Vandergrift, Pa. 
Larsen, Robert L......Casper, Wyo. 
Larson, Thurston E....Urbana, III. 


Laster, Gaines......... Tulsa, Okla. 
Lastrapes, Richard L.............. 
Lattin, Benton Calver............. 
Lawlor, E. W....... Pittsburgh, Pa. 


Lawrence, R. E., Jr., Tarboro, N. C. 

Colorado City, Tex. 
Leary, John D., Corpus Christi, Tex. 
LeBlanc, Roland L., Maplewood, La. 

Corpus Christi, Tex. 
Lederer, Lewis M., Cincinnati, Ohio 
Ledford, Raymond F...Chicago, III. 


Lefebvre, Fabian J...Newark, N. J. 
Lehmann, F. A...Oak Ridge, Tenn. 

New York, N. Y. 
Lemay, Jack E.....Pittsburgh, Pa. 
Lembcke, Richard E., Tallant, Okla. 


Aruba, N. W. I 
Leonardon, Eugene Gilbert........ 
Houston, Tex. 
Leonhard, Frederick J............. 
Cleveland, Ohio 
Ci St. Louis, Mo. 


Lester, L. B....Los Angeles, Calif. 
Levert, Wm. F.....Shreveport, La. 
Levinson, Irving 

Levy, David Henry..... Dallas, Tex. 
Lewis, L. G i 

Fort Lauderdale, Fla. 


re Schenectady, N. Y. 
Liebman, Arno J....Pittsburgh, Pa. 
Liesenbein, Robert P.............- 

South Amboy, N. J. 
Liggett, Ernest J...... Tulsa, Okla. 
Ligon, John R....Fort Worth, Tex. 
Lima, D. O...Oklahoma City, Okla. 
Lindemann, Ervin 

Lindsay, Joseph 


Lingle, Robert J...... Houston, Tex. 
Lithgow, James, Los Angeles, Calif. 
Littreal, Wm. Bernard............. 
Salt Lake City, Utah 
Livengood, Robert G............... 
Lobo; Mumberto, IF... 
Monterrey, N. L., Mexico 
Lobry De Bruyn, C. A 


Lockwood, C. J..... 
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Wayman, L. A....Fort Worth, Tex. 
Weast, Robert C....Cleveland, Ohio 
Weber, Martin K.. 

Emeryville, ‘Calif. 
Weede, J. D...... Hempstead, N. Y. 
Wegner, Harold C... ease 

Weigele, T. W........< Detroit, Mich. 
Weidler, W. E., Jr...Houston, Tex. 
Weiss, George H., Philadelphia, Pa. 
Welker, John W...Philadelphia, Pa 
Wells, C. Kenyon.. 


Wells, J. Donaven..... Tulsa, Okla. 
Welsh, Myron E...... Houston, Tex. 
Weppner, Richard A.. 

Werner, Daniel R...... Chicago, 
Wertz, Cyril J...... Cleveland, Ohio 
Wescott, Blaine B., Pittsburgh, Pa. 
West, John B.. Atlanta, Ga. 
West, Lewis H....... Norwood, Pa. 
Westcott, Ralph M.. 

Wheatlake, B. K...... Denver, Colo. 
Wheeler, W...... Shreveport, La. 
Wheeler, Roger M...... Tulsa, Okla. 
Whidden, Ira...... Opa Locka, 
White, Robert 
White, Robert P.......Harvey, 
Whiteneck, L. L.. 


Whiting, Drew T...Shreveport, 
Whiting, R....New York, 
Whitley, Basil a: Jr., Houston, Tex. 
Whitney, Louis, Mo. 
Whitney, W...Los Angeles, Calif. 
Wicen, Robert E...Milwaukee, 


Wick 
Widn 


Wild 


Wills 


. Staten Island, New York, N. Y. 
unt 
Wilke 
Willi: 
1 Willis 
Wills 
Wilm 
- $0 
: | 
i 
Stull, Fred D......Memphis, Tenn. 
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orpus Christi, Tex. Wilten, Harry M.................. Wooldridge, Kent E ung, George H., Pittsburgh, Pa. 
Wilde, H. D...-.----; Houston, Tex. Port Avther Tee oung, James Ww 
Wilhite, James B....Louisville, Ky. Wimer, Dallas, Tex. Works, George A., Jr. Alberta, Canada 
Tex, Wilkes, John Chicago, Winters, W......... Atlanta, Ga. Worth, John S...... Blue Rapids, Kan. 
gh, Pa, Wilkinson, A. C.......--- sect eeeeee Wirene, W. A...Schenectady, N. Y. Wray, T. Cecil ‘Nashvill 4 a. oung, Robert J., Ridgewood, N. J. 
City, Okla. Wisdom, James A........Van, Tex. Edward Tenn. 
8. Wilkinson, Horatio L.............- Wogan, Philip B.....Westwego, La. __..... Long Beach, Calif. 
Brooklyn, N. Y. Md. Wright, Emerson H Pa 7, 
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Theodore. . .Dallas, Tex. Woodland, Forrest Y Angeles, Calif. 
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CALIFORNIA 


Geographical Listing Members 


The names followed asterisk (*) are those Junior Members 


ALABAMA 
BIRMINGHAM 


ADAMS, Jack W., Southern Natural Gas Co., 
Watts Bldg. 

DAVIS, R. A., Chicago Bridge & Iron Co., 
1500 N. 50th St. 

DENT, Herbert W., Jr., American Cast Iron Pipe 
Co., Box 2603. 

DONOHO, Charles K., American Cast Iron Pipe 
Co., Box 2603. 

DONOVAN, W. H., Jr., Alabama Gas Corp., 
Watts Bldg. 

GAMBLE, Chas. B., Alabama Gas Corp., Watts 


Bldg. 

GARRETT, William W., Tennessee Coal, Iron 
& Railroad Co., Fairfield, Ala. For mail: 
1401 Bush Blvd. 

HARRIS, R. L., Alabama Power Co., 600 N. 
18th St. 

MACKENZIE, James T., American Cast Iron 
Pipe Co., Box 2603. 

McCAULEY, E. D., American Cast Iron Pipe 
Co., 2030 N. 16th St. 

POLLOCK, L. V., Birmingham Water Works 
Co., 2114 First Ave., North. 

REED, Ramsey M., United States Pipe & Foun- 
dry Co., First National Bldg. 

TIMBERLAKE, P. S., Birmingham Electric 
Co., 2100 First Ave. North. 

YELDELL, J. W., Southern Natural Gas Co., 
Box 2563. 


MOBILE 


STRANGE, Harold T., Mobile Gas Service Corp., 
Box 1130. 


WOODWARD 


BARRETT, Robert C., Koppers Co., Inc. 
VINES, E. D., Koppers Co., Inc., Tar Products 
Div. 


ARIZONA 


CASA GRAND 


CHAPMAN, Walter H., El Paso Natural Gas 
Co., Casa Grande, Ariz. For mail: 108 W. 
Ninth St. 


COOLIDGE 


BELL, Lawrence H., Natural Gas Service Co. 
of Arizona, Box 127 


PHOENIX 
JACKSON, Russell, Rust-Proofing, Inc., 1220 
E. Henshaw Rd. 
ARKANSAS 
EL DORADO 
BERTETTI, John W., Root Petroleum Co. 
HARDCASTLE, Coy A., Lion Oil Co. 
HOIBERG, Arnold J., Lion Oil Co. 
ROGERSON, J. B., Lion Oil Co. 
FAYETTEVILLE 
HALSELL, Hampton L., Arkansas Western 
Gas Co. 
JONESBORO 


GREEN, W. A., 


LITTLE ROCK 


CALLAHAN, V. L., Southern Acid & Sulphur 
Co., Inc., Box 991. 

MAYHAN, W. Alvin, Little Rock Municipal 
Waterworks, Municipal Auditorium. 


Arkansas Power & Light Co. 


CALIFORNIA 
ALHAMBRA 


ENQUIST, Melvin A., Deady Chemical Co., Los 
Angeles, Calif. For mail: 1609 Azalea Drive. 

NASH, William F., Jr., C. F. Braun & Co., 1000 
S. Fremont St. 

SMITH, Martin B.. A-~erican Pipe and Steel 
Corp., 2201 Commonwealth. 


ASSOCIATED 


STORM, Arthur E., 
Oil Co. 


AVENAL 


KNOWLTON, Drexel R., Kettleman North Dome 
Association, Bin C. 


AZUSA 


STROMSOE, Douglas A., Southern Pipe & Cas- 
ing Co., Box C. 


Tide Water Associated 


BAKERSFIELD 
SMITH, Clair J., Western Gulf Oil Co., Box 471. 


BELL 


SCHILLING, W. M., Southern Counties Gas Co., 
4818 Beck Ave. 


BERKELEY 
7 Peter C., Shand & Jurs Co., 917 Carlton 
it. 


BEVERLY HILLS 


O’LEARY, Frederick James, The Barrett Div., 
Allied Chemical & Dye Corp., Los Angeles, 
Calif. For mail: 308 S. Clark Drive. 


CERRITO 


BREITENBACH, Paul, Pacific Gas & Electric 
Co., Emeryville, Calif. For mail: 708 Avila 
Place. 


SEGUNDO 


BEHN, Daniel R., California Research Corp., 
324 Segundo Blvd. 

MARADUDIN, Alexei P., Standard Oil Com- 
pany of California. 

SMALL, Richard B., Standard Oil Company of 
California. 

TANDY, Edward H., Standard Oil Company of 
California, Box 97. 


EMERYVILLE 


BRADY, Merritt H., Pacific Gas & Electric Co., 

4245 Hollis. 

DEAN, Roy O., Pacific Gas & Electric Co., 
4245 Hollis St. 

ELDREDGE, George G., Shell Development Co. 

MILLER, Ross F., Shell Development Co., 4560 
Horton St. 

RAIFSNIDER, Philip J., Shell Development Co., 
4560 Horton. 

SCHNEIDER, Wm. R., Pacific Gas & Electric 
Co., 4245 Hollis St. 

TRESEDER, Richard S., Shell Development Co., 
4560 Horton St. 

WACHTER, Aaron, Shell Development Co., 4560 
Horton St. 

WEBER, Martin K., Shell Development Co., 8560 
Horton St. 


FONTANA 

MADDEN, R. C., Kaiser Co., Inc., Iron & Steel 
Div., 202 S. Palmetto. 

GLENDALE 


ENGELHARDT, Robert Lee, General Controls 
Co., 801 Allen Ave. 


HAWTHORNE 
DUIM, Albert R., Mission Appliance Corp., 


12611 S. Crenshaw Blvd. 


HUNTINGTON PARK 


McARTHUR, Ralph F., Kobe, Inc., 3040 E. Slau- 
son Ave. 

RADOVICH, Frank, National 
Inc., 3480 E. Randolph St. 

STOKES, William S., National Pipe Coatings, 
Inc., 3480 E. Randolph St. 


Pipe Coatings, 


HABRA 


McCLOUD, Dwite M., California Research Corp., 
Box 446. 4 


MESA 


FLOR, Loy L., La Mesa, Lemon Grove & Spring 
Valley Irrigation District, 4769 Spring St, 

SHELTON, M. J., La Mesa, Lemon Grove & 
Spring Valley Irrigation District, 4769 Spring 
Steet. 


VERNE 


STREICHER, Lee, Metropolitan Water District 
of Southern California, Box 38. 


LINCOLN 


JOHNSON, Elmer A., City of Lincoln, Private 
Engineering Practice, Box 501. 


LONG BEACH 


DUNHAM, R. A., Union Oil Company of Cali- 
fornia, 2930 E. Fifth St. 

GRAY, R. M., Long Beach Oil Development Co., 
255 S. Santa Clara Ave. 
HIGGINS, Frank T., City of Long Beach Water 
Dept., 215 W. Broadway. 
HUBER, Karl E., International 
Inc., 6505 Paramount Blvd. 
PURDY, D. F., Richfield Oil Corp., Box 470, 
WELLS, C. Kenyon, Long Beach Water Dept. 
215 W. Broadway. 

WHITENECK, L. L., Long Beach Harbor Dept., 
1333 El Embarcadero. 

WOCDRUFF, Warren E., Technical Service Co. 
2425 Gundry Ave. 

WRIGHT, Edward C., City of Long Beach 
Municipal Gas Dept., 215 W. Broadway. 


Cementer’s, 


LOS ANGELES 


APERULE, Charles J., Jr., Warren & Bailey 
Co., 350 S. Anderson St. 

BABIN, John, Chase Brass & Copper Co., Box 
2136 Terminal Annex: 

BARCUS, E. Dale, Pacific Telephone & Tele 
graph Co., 740 S. Olive St. 

BECHTOLD, Ira C., The Fluor Corp., Ltd., 2500 
= Atlantic Blvd., Box 7030 E. Los Angeles 


BEENFELDT, Ear! L., National Lead Co., 3113 
E. 26th St. 

BLACK, Bobby E., Southern California Gas Co. 
1700 S. Santa Fe Ave. 

BLAKE, J. A., Electric Steel Foundry Co., 4600 
Pacific Blvd. 

BLECKSMITH, C. C., Duncan Electric Manv- 
facturing Co., 164 S. Central Ave. 

BLOHM, Clyde L., The Fluor Corp., Ltd., 2500 
S. Atlantic Blvd. 

BRADFIELD, Stephen A., Southern California 
Gas Co., 1700 Santa Fe Ave. 

BRADLEY, F. E., Chanslor-Canfield Midway 
Oil Co., 4549 Produce Plaza West. 

BRIGGS, L., Chanslor-Canfield Midway Oil 
Co., 4549 Produce Plaza West. 

CATES, Walter H., Consolidated Western Steel 
Corp., 2015 Terminal Annex. 

CLARKE, B. C., Pacific Metals Co., Ltd., 1400 
S. Alameda St. 

CORFIELD, Guy, Southern California Gas Co. 
Box 3249, Terminal Annex. 

DICKINSON, W. F., Consolidated Western Steel 
Corp., Box 2015 Terminal Annex. 

DIETZE, Irwin Charles, Dept. of Water & Power, 
City of Los Angeles, 141 S. Martel Ave. 

DOD, A. Bayard, Jr., Phelps Dodge Copper Prod- 
ucts Corp., 6100 Garfield Ave. 

DORSEY, Joseph S., Southern California Gas 
Co., 1700 Santa Fe St. 

DOUGLASS, Harry E., Stewart R. Browne Man- 
ufacturing Co., Inc., 1065 Riverside Drive. 

ELLIOTT, Jack H., Los Angeles County 
Pollution Control, Los Angeles, Cal. For 
mail: 11062 S. Ruthelen Ave. 

EVANS, Clair O., Phelps Dodge Copper Prod 
ucts Corp., 6100 Garfield Ave. 

JALLAGHER, John S., The Texas Co., Ls 
Angeles, Cal. For mail: 1037 Burnside Ave 

GIGNOUX, J. R., Shell Oil Co., Inc., 1008 W. 
Sixth St. 

GILBERT, T. H., Southern California Gas Co. 
Box 3249, Terminal Annex. 

GOIT, Laurance E., Dept. Water Power 
Los Angeles, 207 S. Broadway. 

GRAHAM, W., Dept. Water Power, 
S. Broadway. 
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CALIFORNIA 


BSTAD, Ernest H., Southern California Gas 

GREEN, _ Willis G., General Petroleum Corp., 
2721 East 37th St. 

GRIZZARD, Eugene H., Signal Oil & Gas Co., 
Seventh St. 

HALL, Elwin B., E. B. Hall & Co., 523 W. 
ixth St. 

HINDS, Julian, The Metropolitan Water Dis- 
trict of Southern California, 306 W. Third St. 

HISKEY, R., Dearborn Chemical Co., 807 

teo St. 

HUDSON, George H., Jr., Industrial Electronics 
& Transformer Co., 8655 S. Main. 

JONES, Elmer H., Johns-Manville Sales Corp., 
816 W. Fifth St. 

KARTINEN, Ernest O., Signal Oil & Gas Co., 
811 W. Seventh St. 

KAVENAUGH, J. A., Revere Copper and Brass, 
Inc., 6500 E. Slauson Blvd. . 

KEELING, Harry J., Southern Counties Gas Co. 
of California, 810 S. Flower. 

KRIKSCUS, Paul, Jr., Johns-Manville Sales 
Corp., 816 W. Fifth St. 

LESTER, B., Rectifier Engineering Co., 1803 
E. Seventh St. 

LITHGOW, James, James Lithgow Co., 
4663 E. Sheila St. 

LUNDY, Daniel A., American Potash Chem- 
ical Corp., 3030 W. Sixth St. 

MALONEY, Richard Wallace, F. H. Maloney 
Co., 542 S. Alexandria. 

McGOWAN, James A., Aluminum Company of 
America, 108 W. Sixth St. 

McSPARRAN, W. G., Aluminum Company of 
America, 108 W. Sixth St. 

MITCHELL, Francis H., Southern California 
Gas Co., 1700 Santa Fe Ave. 

MONSON, Louis T., Tretolite Co. of California, 
5515 Telegraph Rd. 

MORRIS, Clarence S., Tretolite Company of 
California, 5515 Telegraph Rd. 

NICHOLSON, Jay T., National Aluminate Corp., 
425 S. Western Ave. 

NOLAN, James C., Gilmore & Nolan, Inc., 3308 
E. Pico Blvd. 

PENNINGTON, Louis E., Reynolds Metals Co., 
1206 S. Maple Ave. 

PERIER, Claude H., c/o Los Angeles City, De- 
partment of Water & Power, 405 S. Hill St. 

PHILLIANS, T. F., Shell Oil Co., Ine., 1008 
W. Sixth St. 

RALL, Richard A., Jr., Industrial Electronics 
& Transformer Co., 8655 S. Main. 

REINHARDT, Wm., Union Pacific Railroad Co., 
422 W. Sixth St. 

RIORDAN, M. B., Byron Jackson Co., Box 2017, 
Terminal Annex. 

ROBESON, Ralph M., General Petroleum Corp., 
108 W. Second St. 

SAVAGE, Robert H., Ralph Westcott Co., 
1700 S. Main St. 

SAWYER, Mark A., Pacific Telephone & Tele- 
graph Co., 740 S. Olive St. 

SCHMIDT, J. M., A. O. Smith Corp., Service 
& Development Lab., 5753 Smithway E. 

SCOTT. Gordon N., Consulting Engineer, 555 
S. Flower St. 

SENATOROFF, N. K., Southern Counties Gas 
Company of California, 810 S. Flower St. 
SHUPP, Carl W., Southern California Gas Co., 

810 S. Flower St. 
SMITH, Turner C., General Petroleum Corp., 
2525 E. 37th St. 
STAUFFACHER, E. R., Southern California 
Edison Co., Ltd., Box 351. 
STEPHAN, Dean E., Chicago 
Co., 612 S. Flower St. 

STEPHENS, Foster M., Fluor Corp., Ltd., 2500 
S. Atlantic Blvd. 

STEVENSON, Ralph Austin, Consulting Chem- 
ist, 641 Gibbons St. 

SULLIVAN, Ray L., Calgon Inc., 1807 E. Olym- 
pie Bivd. 

SUPPLE, George H., General Petroleum Corp., 
Box 2122, Terminal Annex. 

TODHUNTER, Harold A., Department of Water 
& Power, 5501 Berkshire Drive. 

TOMPKINS, Albert H., Jr., Chanslor-Canfield 
Midway Oil Co., 4549 Produce Plaza W. 
WALDIE, Donald J., Southern California Gas 

Co., 3249 Terminal Annex. 
WATERS, F. O., Southern California Gas Co., 
1700 Santa Fe Ave. 

WHITNEY, G. W., Emsco Derrick & Equipment 
Co., Box 2098, Terminal Annex Station. 
WOODS, Eldro M., Southern Counties Gas Co. 

California, 810 S. Flower St. 
ZIMA, Albert G., The International Nickel Co., 
Ine., 714 W. Olympic Blvd. 


LOS NIETOS 


BRENNAN, John R., Fluid Packed Pump Co., 
Box 64. 


Inc., 


Bridge & Iron 


MARTINEZ 


EFFINGER, R. T., Shell Oil Co., Inc., Martinez 
Refinery. 

SCOTT, Harold H., Shell Oil Co., 
Calif. For mail: 2820 Leslie St. 


Martinez, 


MAYWOOD 


BARNARD, W. E., Barnard Chemical Co., 4557 
E. Slauson. 


McKITTRICK 
SHANNON, Thos. H., Belridge Oil Co. 
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MILLBRAE 


ORLINS, Martin A., Peninsular Chemical Prod- 
ucts Co., Van Dyke, Mich. For mail: 943 
Hillerest Blvd. 


DISHMAN, L. F., Pacific Pipeline & Engi- 
neers, Ltd., Los Angeles, Cal. For mail: 
1632 Greenwood Ave. 


NATIONAL CITY 


MAGOFFIN, Linn E., California Water & Tele- 
phone Co., 19 W. Ninth St. 


NEWPORT BEACH 


CLARK, Manley H., Clark Metallizing, 
506 30th St. 


NORTH HOLLYWOOD 

JONES, David T., Pacific Telephone & Tele- 
graph Co., Los Angeles, Calif. For mail: 4364 
Farmdale Ave. 


OAKLAND 


BARTOLERO, Carlo, United Iron Works, 580 
Second St. 

FLYNN, E. D., Oliver United Filters, Inc., 2900 
Glascock St. 

FOX, Arthur R., Corrosion Engineering Service, 
3405 Piedmont Ave. 

KNOPP, Harold P., Electrical Facilities, Inc. 
4224 Holden St. 

KNUDSEN, H. A., East Bay Municipal Utility 
District, 512 16th St 


OLEUM 
WORKS, George A., Jr., Union Oil Co. 


ORINDA 


CULLEN, Thomas G., 
Las Vegas. 


PASADENA 


BLACKBURN, Duncan A., City of Pasadena, 
Water Department, 100 N. Garfield Ave. 
GALLY, Sidney K., Southern California Gas Co., 

Los Angeles, Calif. For mail: 219 S. Wilson 


Inc., 


Rust Oleum Corp., 21 


Ave. 
POMEROY, Richard, Montgomery & Pomeroy, 
Pasadena, Calif. For mail: 660 S. Fair Oaks 


Ave. 

SIMMONS, Edward E., Jr., Fluid Log Corp., 
455 S. Oakland Ave. 

VANGSNES, K. T., The Vanode Co., 117 E. 
Colorado Blvd. 

WESTCOTT, Ralph M., Montgomery & Pome- 
roy, 660 S. Fair Oaks Ave. 


PORT HUENEME : 

SPARKS. Robert E., U. S. Naval Schools, Con- 
struction. 

RICHMOND 


PUTNAM, Joseph F., California Research Corp., 
Box 1627. 


RIVERDALE 

EUBANKS, E. B., Jr., Amerada Petroleum 
Corp., Box 137. 

SAN DIEGO 

EDWARDS, Marvin J., San Diego Gas and 
Electric Co., San Diego, Calif. For mail: 


6915 Tait St. 

GOLDKAMP, Chris A., San Diego Gas & Electric 
Co.. Box 1831. 

KLAUBER, L. M., San Diego Gas & Electric 
Co., 861 Sixth Ave., San Diego, Calif. For 
mail: Box 1831. 

ROGNESS, E. C., Cathodic Protection Engineer, 
Civie Center Bldg. 

WRIGHT, Gordén R., San 
Electric Co,, Electric Bldg. 


SAN FRANCISCO 


BROWN, Kenneth W., Brown & Caldwell, 233 
Sansome St. 
BUELL, Norman S., California Packing Corp., 
240 Front St. 
DAVIS, George W., 
19th St. 

ELSENER, L. A., Chicago Bridge & Iron Co., 
22 Battery. 

EVANS, J. M., Standard Oil Company of Cali- 
fornia, 225 Bush St. 

EVERETT, Albert S., Pacific Metals Co., Ltd., 
3100 19th St. 

FARWELL, Milo S., Bethlehem Pacific Coast 
Steel Corp., 204 Illinois St. 

FREEMAN, Cecil, C. E. Freeman Co., Inc., 2277 
Jerrold Ave. 

HOWELL, R. P., Standard Oil Company of Cal- 
ifornia, 225 Bush St. 

JACOBSON, Ralph N., Roto Metals Inc., 980 
Harrison St. 

KEMP, James T., American Brass Co., 235 Mont- 
gomery St. 

KETCHAM, Brower, 
butor, 210 Post St. 

aa“ E. E., Southern Pacific Co., 65 Market 
t. 


Diego Gas and 


Pacific Metals Co., 3100 


Brower Ketcham Distri- 


CORROSION ENGINEERS 


COLORADO 


McINTOSH, Russell W., Pittsburgh Coke & 
Chemical Co., Russ Bldg. 

MORROW, Orville E., Hall Laboratories, Inc., 
200 Davis St. 
PAYNE, Harrison S., The Pacific Telephone & 
Telegraph Co., 140 New Montgomery St. 
PRACY, George W., San Francisco Water Dept., 
425 Mason St. 

SMITH, Claude B., Ceilcote Co., & William F. 
Klemp Co., Inc., 615 Sansome St. 

STAPLES, W. R., Carpenter Steel Co., 24 
California St. 

WEGNER, Harold C., Pacific Foundry Co., Ltd., 
3100 19th St. 


SAN GABRIEL 
COOK, Thomas L., 433 Country Club Drive. 


SANTA MONICA 


FLEMING, Thomas J., Associated Telephone Co., 
Ltd., 1314 Seventh St. 

WOOD, F. T., Jr., Douglas Aircraft Co., Inc., 
3000 Ocean Park Blvd. 


SIERRA MADRE 


SCHMIDT, R. W., Southern Counties Gas Co., 
411 N. Sunnyside Ave. 


SOUTH GATE 


LACY, J. Glen, American Pipe & Construction 
Co., Amercoat Div., 4809 Firestone Blvd. 
McCASLIN, Kenneth M., American Pipe and 
Construction Co., Amercoat Div., 4809 Fire- 

stone Blvd. 

MUNGER, C. G., American Pipe & Construction 
Co., Amercoat Div., 4809 Firestone Blvd. 
OTT, Lawrence H., Rheem Manufacturing Co., 

4361 Firestone Blvd. 
RICHARDSON, John I., American Pipe & Con- 
— Co., Amercoat Div., 4809 Firestone 
vd. 
SCHREIHART, E. C., The Barber-Webb Co., 
8686 Rheem Ave. 


TORRANCE 


KING, Frederic C., 
Box 114. 


TRACY 
DAVIE, Frank E., Shell Oil Co., Inc., Box 329. 


TRONA 


SCHLAUDT, Clarence A., American Potash & 
Chemical Corp., 


VALLEJO 


DEGENHART, Thurlo E., 
Shipyard, Bldg. 47. 


VENICE 


SNYDER, Frederick Joseph, Southern California 
Gas Co., 2306 Pisani Place. 


WILMINGTON 


ARTESE, S. J., Shell Oil Co., Inc., Box 728. 

CONNELL, Jasper S., Bechtel Corp., Box 457. 

HALL, R. E., Union Oil Company of California, 
Wilmington Refinery. 
HIGDON, Victor E., Liquid Plastics Company of 
California, 640 Broad Ave. 
JENKINS, Vance N., Union Oil 
California, Box 758. 

JOY, Austin S., Pechtel Corp., Somastie Div., 
Box 457. 

MICHAUD, M. L., Union Oil Company of Cali- 
fornia, Los Angeles Refinery. 

SNYDER, Louis A., Richfield Oil Corp., Watson 
Station. 


General Petroleum Corp., 


Mare Island Naval 


Company of 


COLORADO 
BOULDER 


ROHRMAN, F. A., Engineering Experiment Sta- 
tion, University of Colorado. 


COLORADO SPRINGS 


ABBOTT, C. B., 
Box 1087. 
EBERSOLE, LaRue Kenmore, 
state Gas Co., Box 1087. 
HAGIUS, Karl S., Colorado Interstate Gas Co., 

Box 1087. 
McCLINTOCK, Robt. D., Colorado Interstate Gas 
Co., Box 1087. 


DENVER 


BURNETT, Graydon E., Bureau of Reclamation, 
Denver Federal Center. 

FRY, Frank B., Public Service Co. of Colorado, 
Gas Engineering Dept., 15th & Champa St. 

FUGAZZI, J. F., Public Service Company of 
Colorado, 900 15th St. 

GARRETT, G. H., Thompson Pipe & Steel Co., 
3001 Larimer St. 

GILLILAND, John L., Jr., U. S. Bureau of 
Reclamation, Denver Federal Center. 

HOPKINS, John R., The Tapecoat Co., Evans- 
ton, Ill. For mail: 175 Niagara St. 


Colorado Interstate Gas Co., 


Colorado Inter- 


q 
Me 
q 
: 
; 


COLORADO 


PRICE, Marion E., 
Equitable Bldg. 
WHEATLAKE, B. K., Dearborn Chemical Co., 

Equitable Bldg. 


RIFLE 


BARKOW, C. W., U. S. Bureau of Mines, Oil 
Shale Demonstration Plant. 


Pipeline Protection Co., 


CONNECTICUT 


ANSONIA 

BURD, Harry G., The Ansonia Electrical Co. 

BRIDGEPORT 

BULOW, a L., Bridgeport Brass Co., 30 
Grand S 

HUTCHINSON, Gilbert E., Remington Arms 
Co., Inc., 939 Barnum Ave. 

HARTFORD 


HAMILTON, Archer B., The Hartford Gas Co., 
233 Pearl St. 


NEW HAVEN 

BROWN, Harry F., New York, New Haven & 
Hartford, Railroad Station. 

MEYER, Frederick R., Southern New England 
Telephone & Telegraph Co., 227 Church St. 

NIXON, James A., Southern New England Tele- 
phone & Telegraph Co., 227 Church St. 

PLANT, A. Morton, United Illuminating Co., 
80 Temple St. 


STRATFORD 


EPLETT, Albert D., Manning, Maxwell & 
Moore, Inc., Bridgeport, Conn. For mail: 165 
Charlton St. 


WATERBURY 


BARRY, Frederic M., Scovill Manufacturing Co., 
99 Mill St. 

FREEMAN, John R., Jr., The American Brass 
Co., 414 Meadow St. 

MITCHELL, N. W., Chase Brass & Copper Co., 
236 Grand St. 
NOLE, Vito F., Chase Brass & Copper Co., 236 
Grand St. : 
PRESLEY, Maurice C., Scovill Manufacturing 
Co., 99 Mill St. 

PRICE, David W., The Connecticut Light & 
Power Co., 250 Freight St. 

TRACY, Arthur W., The American Brass Co. 


DELAWARE 
NEW CASTLE 


PARNELL, John B., 
New Castle Ave. 


WILMINGTON 
BROWN, Marshall H., E. I. duPont de Nemours 


yates Engineering Co., 


& Co., Ine. 

DE LONG, William B., E. I. du Pont de Nemours 
& Co., Engr. Res. Lab. Experimental Sta. 
MYERS, W. R., E. I. du Pont de Nemours & 

Co., Inc., 10th & Market Sts. 

NIELSEN, Norman A., E. I. du Pont de 
Nemours & Co., Ine., du Pont Experimental 
Sta. 

PERMAR, Philip H., E. I. du Pont de Nemours 
& Co., Inc., Experimental Sta. 

SCHULTZ, R. F., Hercules Powder Co., Hercules 
Experiment Station. 


DISTRICT COLUMBIA 
WASHINGTON 


ALEXANDER, Allen L., Naval Research 
Laboratory, Washington, D. C. For mail: 
1300 You St. S. E. 

AULD, David, District of Columbia Water Dept., 
14th and E. Sts. N. W 

BETHON, Henry Edwin, Bureau of Ships, Navy 
Dept., Washington, D. C. For mail: 6410 
33rd St. N. W. 

CHILDS, Benjamin F., és aia Gas Light 
Co., llth & H Sts... N 

DAVIS, Leon B., ae ad & Potomac Tele- 
phone Co., 725 13th 


DENISON, irving A., National Bureau of 


Standards. 
DIETSCH, F. F., Reynolds Metals Co., Barr 
Bldg. 


GREATHOUSE, Glenn A., National Research 
Council, 2101 Constitution Ave. 

HOLLER, Homer D., National Bureau of Stand- 
ards, East Bldg. 

William Bros. Corp., 1026 17th 


AN, H., Cast Iron Pipe Research As- 
sociation, National Bureau Standards. 
RANSOM, R. A., Consulting Engineer, 1025 
Connecticut Ave. 

REINHART. Fred M., National Bureau of 
Standards, N. W. Bldg. 

ROSS, Culbertson W., Beach Erosion Board, 
Corps of Engineers, Dept. of the Army, 
Washington, D. C. For mail: 6616 Exfair 
Rd., Bethesda. 

SHEPARD, Office Chief Engineers, 
War Department, Washington, For 
mail: 5425 Connecticut Ave. 
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SIME, Robert M., Chesapeake & Potomac Tele- 
phone Co., 1111 N. Capitol St. 

SWARD, G. G., National Paint, Varnish & 
Lacquer Association, Inc., 1500 Rhode Island 
Ave., N. 

TEALE, Edward P., American eats & Tele- 
graph Co., 1809 G St., N. 

UPTON, Frederick P., Washinaton Technical 
Services, 810 18th St., N. W 


FORT LAUDERDALE 


LEWIS, R. H., Robert H. Lewis, Inc., 1227 
Las Olas Blvd. (East). 


GAINESVILLE 


BLACK, Charles Ac Black Laboratories, Inc., 
968 S. Oak St. 

GROPP, Armin H., University of Florida, Chem- 
istry Bldg. 

KIMMEL, Albert L., University of Florida, 
Gainesville, Fla. For mail: Box 2368, Uni- 
versity Station. 


JACKSONVILLE 


EDMONSON, A. Glen, American Telephone & 
Telegraph Co., Lynch Bldg. 

RUDOLF, Henry T., Atlantic Coatings Co., Inc., 
2391 Dennis St. 

SMITH, Arthur B., American Pipe & Con- 
struction Co., Amercoat Div., 2391 Dennis. 


MIAMI 


BROOM, Charles M., Florida Power & Light 
Co., Ingraham Bldg. 

DeNOON, E. M., South Florida Test Service, 
4201 N. W. Seventh St. 

ae Joe, Florida Power & Light Co., Box 

0. 

ROSSELLE, Douglass T., Southern Bell Tele- 
phone & Telegraph Co., 36 North East 
Second St. 

SUMMERS, C. H., Florida Power & Light Co., 
Box 3100. 


OPA LOCKA 


PICKERING, Harry S., Industrial Coating Mfg. 
Co., 2600 Ali Baba Ave. 

WHIDDEN, Ira, Industrial Coatings Manufac- 
turing Co., Box 1902. 


ORMOND BEACH 


QUELCH, G. C., Jr., Battelle Memorial Insti- 
tute, 35 Seton Trail. 


GEORGIA 
ATLANTA 


AYERS, E. B., 657 Greenview Ave., N. E. 

B., Georgia Power Co., 75 Marietta 
t. 

HORSTMAN. “Ww. G., Plantation Pipe Line Co., 
Box 1743. 

JEFFARES, George M., Plantation Pipe Line 
Co., Box 1743. 

JOHNSTON, J. Flynn, American Telephone & 
Telegraph Co., 51 Ivy St., N. E. 

KUNIANSKY, ae American "Telephone & Tele- 
graph Co., Hurt Bldg. 

MARTIN, Robert C., Plantation Pipe Line Co., 
Box 1743. 

PRITCHETT, Edward C., American Telephone & 
Telegraph Co., Hurt Bldg. 

RANGE, E. C., The Okonite Co., Rhodes-Haverty 


Bldg. 

SULLIVAN, David N., Electro Rust-Proofing 
Corp., 1314 Piedmont Ave., N. E. 

SWANSON, A. R., American Telephone & Tele- 
graph Co., Hurt Bldg. 

TAIT, Emmitte P., Alloy Steel Products Co., 
Candler Bldg. 

TRABER, John P., American Telephone and 
Telegraph Co., Hurt Bldg. 

WEST, John B., Aluminum Company of Amer- 
ica, Rhodes-Haverty Bldg. 

WHITE, W. C., Southern Bell Telephone & Tele- 
graph Co., Hurt Bldg. 

WINTERS, B. W., Southeastern Pipe Line Co., 
Forsyth Bldg. 


BREMEN 


PARKER, Ivy M., Plantation Pipe Line Co., 
Box 423. 

SMITH, William C., Plantation Pipe Line Co., 
Box 423. 


IDAHO 
BOISE 


WATERMAN, Howard E., Idaho Power Co., 
1220 Idaho St. 


ILLINOIS 
ALTON 
BALDRIDGE, Willis M., Laclede Steel Co. 
ARGO 


FLOURNOY, R. W., Corn Products Refining 
Co., 63rd & Archer Ave. 


HANSON, Melvin A., Gulf, Mobile & Ohio R, R., 
Test Dept. 
BROOKFIELD 


HART, M. B., Illinois Bell Telephone Co., Chi. 
cago, Ill. For mail: 4411 DuBois. 


CHICAGO 


ABBEY, Oscar A., Standard Oil Company of 
Indiana, 910 S. Michigan Ave. 

ADKINS, J. L., The Peoples Gas Light & Coke 
Co., 122 S. "Michigan Ave. 

ALK, Lewis C., James B. Clow & Sons, 201 N, 
Talman Ave. 

BAILEY, Alex D., Commonwealth Edison Co., 72 


W. Adams St. 
eS Nat A., Wright Chemical Corp., 627 
Lake St. 


BIDDISON. P. McDonald, Consulting Engineer, 
135 S. LaSalle St. 
BOBERG, Irving E., Chicago Bridge & Iron Co,, 
1305 W. 105th St. 
BRADBURY, J. E., The Crane Co., 836 S. Michi- 


gan Ave. 
BRIGHTLY, Frederick C., Jr., Standard Gal. 
vanizing Co., 2619 W. Van Buren St. 
BRYSON, James A., Office of Naval Research, 
844 N. Rush St. 

BUELL, James H., Middle West Service Co., 20 
N. Wacker Drive. 

BURLINGAME, M. V., Natural Gas Pipe Line 
Company of America, 20 N. Wacker Drive. 

CASEY, J. Pat, Jr., The Crane Company, 836 §, 
Michigan Ave. 

CHAPMAN, E. E., Atchison, Topeka & Santa 
Fe. Railway Co., 80 E. Jackson Blvd. 

CLANCY, J. J.,Koppers Co., Tar Products Div., 
122 S. Michigan Ave. 

COGHILL, H. T., Ampco Metal, Inc., 2400 W. 
Madison St. 

CONVERSE, E. M., Dearborn Chemical Co., 310 
S. Michigan Ave. 

CORWIN, Gerald A., Ludwig Wilson Co., 112 §. 
Franklin St. 

CROFT, William F., Standard Oil Company of 
Indiana, 910 S. Michigan Ave. 

deBEERS, Franklin M., Jr., F. M. deBeers & 
Associates, 20 N. Wacker Drive. 

DIAMOND, Horace W., Morton Salt Co., 120 8. 
LaSalle St. 
EASSON, W. H., National Cylinder Gas Co., 
Chicago, Ill. For mail: 2045 Jarvis Ave. 
ERICKSON, E. T., Erickson Chemical Co., 619 
N. Michigan Ave. 

EWING, L. W., Jr., Standard Oil Company 
(Indiana), 910 S. Michigan Ave. 

FISHER, H. E., Standard Oil Company of In- 
diana, Pipe Line Dept., 910 S. Michigan Ave. 

FLETCHER, Mark D., Illinois Bell Telephone 
Co., 215 W. Randolph St. 

FOELSCH, Henry W., Stalpiec Coating Corp., 
1128 W. Armitage Ave. 

FRANCIS, Howard T., Armour Research Foun- 
dation, 35 W. 33rd St. 

GLASS, D. C., Pure Transportation Co., 35 E. 
Wacker Drive. 

GRASSMAN, Herbert S., Taylor Forge & Pipe 
Works, Box 485. 

GREVE, Lyman F., Commonwealth Edison Co., 
72 W. Adams St. 

HAERING, Vera W., D. W. Haering & Co. 
Inc., 205 W. Wacker Drive. 

HERZL 'ER, Ralph E., Jr., Reynolds Metals Co., 

Wrigley Bldg. 

HOLCOMB, William D., Bridgeport Brass Co., 
3453 W. 47th Place. 

HUTCHINSON, Carroll O., The Glidden Co., 
Nubian Industrial Div., 1856 N. Le Claire 


Ave. 
JEKOT, Chester M., Lithgow Corp., 333 W. 
40th Place. 
JOHNSON, Dewey W., Cast Iron Pipe 
search Association, 122 S. Michigan Ave. 
JONES, R. M., The Liquid Carbonic Corp., 3100 
S. Kedzie Ave. 

KALHAUGE, Viggo M., Standard Oil Company 
of Indiana, 910 S. Michigan Ave. 

KASZYNSKI, John F., Witco Chemical Co., 6200 
W. 51st St. 

KLUENDER, Arnold F., Kerns Co. 
2657 East 95th St. 

KOLZOW, Clarence R., Western Electric Co. 
5555 Archer Ave. 

LAW, John E., Alloy Steel Products Co., 332 
S. Michigan Ave. 

LEDFORD, Raymond F., Hanson-Van Winkle- 
Munning Co., 2920 Carroll Ave. 

LOUDENBACK, Clyde I., Dearborn Chemical 
Co., 310 Michigan 

LUNGREN, E., Public Service Company 
Northern Illinois, 72 W. Adams St. 

MacDONALD, Frank P., Electro Rust-Proofing 
Corp., 1229 W. Washington Blvd. 

MAIN, Merrill M., Crane Packing Co., 1800 
Cuyler Ave. 

MARTIN, Paschal, The Pure Oil Co., 35 E. 
Wacker Drive. 

MATSON, Eugene M., Universal Oil Products 
Co., 310 Michigan Ave. 

McCLENHAM, T., Sanitary District 
Chicago, 910 S. Michigan Ave. 
McDONALD, Hugh J., Department of Chemistry, 
Loyola University, School of Medicine. 
McFARLAND, Rolland, Jr., Hills McCanna Co., 
3025 Western Ave. 

McKEOWN, Thomas S., McKeown Bros. Co. 
Chemical-Technical Laboratories, 5303 
Keeler Ave. 
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ILLINOIS 


), Raymond H., Electro Rust-Proofing 
MeMAHON, George F., & C Electric Co., 
4435-4439 Ravenswood Ave. 

MEACHER, John, Wright Chemical Corp., 
627 Lake St. 

MILLER, Harry J., American Pipe Construc- 

MILLER, William J., Bauer & Black, 222 W. 
Adams. 

MODJESKA, Scott, Control Labs, 

Blue Island Ave. 

MORSE, Arley Edwin, The Dow Chemical Co., 
135 S. LaSalle St. 

MOYER, George H., Standard Varnish Works, 
2600 Federal St. 

NEE, Robert M., Koppers Co., Inc., Tar Prod- 
ucts Div.. 122 S. Michigan Ave. 

PACE, Anderson, Jr., Bauer and Black, 2500 S. 
Dearborn. 

PAYTON, Victor J., Commonwealth Edison Co., 
72 W. Adams St. 

PERRY, Russell I., Commonwealth Edison Co., 
72 W. Adams St. : 

PETERKIN, Don W., Metallizing Engineering 
Co., Inc., 322 W. Washington. 

PETERSEN, Lowell W., Swift & Co., U. S. 
Yards. 

PETERSON, A. J., Apex Smelting Co., 2537 W. 
Taylor St. 

PETTYJOHN, E. S., Institute of Gas Technology, 
3300 Federal St. 

RAMIREZ, Ernest P., Illinois Institute of Tech- 
nology, Graduate School. 

RANTA, Leo G., The Peoples Gas Light & Coke 
Co., 122 S. Michigan Ave. 

RICH, Newton D., The L. E. Myers Co., 53 W. 
Jackson Blvd. 

RIO, Anthony J., Illinois Bell Telephone Co., 
Chicago, Ill. For mail: 6950 S. Honore St. 

ROBERTS, R. G., Barrett Div., Allied Chemical 
& Dye Corp., New York, N. Y. For mail: 
1400 Lake Shore Drive. 

RONDEAU, H. S., Metallizing Engineering Co., 
Inc., 322 W. Washington St. 

RUPP, Earl V., The Bastian-Blessing Co., 4201 
W. Peterson Ave. 

RYZNAR, J. W., National Aluminate Corp., 
6216 W. 66th Place. 

SCHMITZ, Carl Edward, Crane Packing Co., 
1800 Cuyler Ave. 

SEIDEL, G. E., Amercoat Div., American Pipe 
& Construction Co., 4554 N. Broadway. 

SELF, M. A., Bee Chemical Co., 13799 S. Ave- 
nue O. 

SHELVES, Arthur R., 
Room 2040* 

SHOAN, Raymond A., Dearborn Chemical Co., 
1029 W. 35th St. 

SIEKMANN, John F., Aluminum Company of 
America, 520 N. Michigan Ave. 

SKEIE, Kermit, Magnaflux Corp., 5900 North- 
west Highway. 

SKOG, Ludwig, Sargent & Lundy, 140 S. Dear- 
born St. 

SMITH, Carl B., Dearborn Chemical Co., 310 S. 
Michigan Ave. 

STANLEY, Alfred H., Joslyn Manufacturing 
Supply Co., 3700 S. Morgan. 

STEFANIDES, Victor N., Illinois Tool Works, 
2501 Keeler Ave. 

STOBIE, John J., Jr., Apex Smelting Co., 2537 
W. Taylor. 

STROTHMAN, E. P., A. O. Smith Corp, Mil- 
waukee, Wis. For mail: 310 S. Michigan Ave. 

SVRCHEK, Joseph G., Dearborn Chemical Co., 
310 S. Michigan Ave. 

TALMEY, Paul, General American Transporta- 
tion Corp., 135 S. LaSalle St. 

THOMPSON, Harris, National Aluminate Corp., 
6216 W. 66th Place. 

TRISSAL, J. M., Illinois Central Railroad Co., 
135 E. 1ith Place. 

UNDERWOOD, O. G., United Chromium, Inc., 
New York, N. Y. For mail: 6751 Oglesby 


Ave. 

VANDE BOGART, L. G., The Crane Co., Chi- 
cago, Ill. For mail: 5534 S. Christiana Ave. 

VAN LOO, Maurice, The Sherwin-Williams Co., 
115th St. & Cottage Grove Ave. 

VAN NATTA, C. A., Plastic Lining Corp., 914 
S. Wabash Ave. 

WATERBURY, L., Chicago, Milwaukee, St. 
Railroad Co., 898 Union Sta- 
ion. 

WERNER, Daniel R., American Telephone & 
Telegraph Co., 20 N. Wacker Drive. 

WILKES, John F., Dearborn Chemical Co., 310 
S. Michigan Ave. 

ZIPPER, Donald H., Armour Research Founda- 
tion, 35 W. 38rd St. 


CHICAGO HEIGHTS 


HELMRATH, Norman K., Victor 
Works, 1ith & Arnold Sts. 


DANVILLE 


GREENSPAN, Joseph, Consolidated Products 
Co., 119 Washington St. 


122 S. Michigan Ave., 


Chemical 


DECATUR 

BOWAN, Walter J., Mueller Co. 

DIXON 

C., Illinois Northern Utilities 


0. 
William E., Illinois Northern Utilities 
0, 
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EAST ST. LOUIS 


HEIDEMAN, William A., Socony-Vacuum Oil 
Co., Inc., S. 20th St. 

PICKENS, Andrew T., C. K. Williams & Co., 
2001 Lynch St. 


EVANSTON 
BOHNE, A. W., The Tapecoat Co., 1521-23 Lyons 
St 


FERGUSSON, Robert A., Rust-Oleum Corp., 2425 
Oakton St. 

McGEE, Herbert S., Public Service Company of 
Northern Illinois, Chicago, Ill. For mail: 
2522 Noyes St. 

RADCLIFFE, Thomas Drew, Standard Oil Com- 
pany of California. For mail: Ridgeview 
Hotel. 

SEYL, Robert G., Seyl Laboratories. For mail: 
1123 Mulford St. 


FRANKLIN PARK 
YEAZEL, F. C., Pipe Line Service Corp., Box 
218. 


FREEPORT 


JOHNSON, Thomas E., Burgess Parr Co., Foot 
of Exchange. 


GENESEO 
OLSON, Theodore W., R F D 4. 


GLENCOE 


DAVIS, Leroy J., Public Service Company of 
Northern Illinois, Box 278. 


GRAYVILLE 
REESE, Max. 


HARVEY 

DICKSON, Lester R., Sinclair Research & 
Development Co., 400 E. Sibley Blvd. 

LINDBERG, R. I., Sinclair Refining Co., 400 
E. Sibley Blvd 

WATKINS, Franklin M., Sinclair Refining Co., 
400 E. Sibley Blvd. 


HINSDALE 


EDDY, Levi C., Public Service Company of 
Northern Illinois, Chicago, Ill. For mail: 
622 W. Maple St. 


JOLIET 

BARKER, J. A., U. S. Army, Ordnance 
Department, Office of Field Director Am- 
munition Plants. 

BOONE, Harold C., The Texas Pipe Line Co., 
1017 Richmond St. ~- 

CULBERTSON, Alan F., American Telephone & 
Telegraph Co., 7 E. Clinton. 


KANKAKEE 

HIGGINS, Waldo W., A. O. Smith Corp., Mil- 
waukee, Wis. For mail: 655 S. Harrison 
Ave. 


LIBERTYVILLE 


BRYSON, James A., Office of Naval Research, 
Chicago, Ill. For mail: Box 201, R. F. D. 1. 


MACOMB 


KETTRON, Henry P., Illinois Electric Porcelain 
Co., 510 Pearl St. 


MAYWOOD 


LOCKWOOD, Luther E., Public Service Com- 
pany of Northern Illinois, 1319 S. 1st St. 


MORTON GROVE 


HOOKANSON, Kenneth G., H. M. Harper Co., 
8200 Lehigh Ave. 

SPOEHR, Thomas F., The H. M. Harper Co., 
8200 Lehigh Rd. 

STOTT, Tom, H. M. Harper Co. 


NORTH CHICAGO 


SCRIBNER, 
Corp. 


OAK PARK 


JENSEN, O. L., Public Service Company of 
Northern Illinois, 1001 S. Taylor Ave. 

MARKLE, M. G., Public Service Company of 
Northern Illinois, 1001 S. Taylor Ave. 

NICHOLS, Laurie E., Public Service Company 
of Northern Illinois, 1001 S. Taylor Ave. 

PHILLIPS, Edwin H., Western Union Telegraph 
Co., 435 Lombard Ave. 


Leonard, Fansteel Metallurgical 


PARK FOREST 

HUDOCK, George W., 35 McGarrity Rd. 

PARK RIDGE 

NOELLE, Calvin D., National Aluminate Corp., 
811 Hamlin Ave. 


INDIANA 


PEORIA 


BLAINE, Russell K., Hiram Walker & Sons, 
Inc., Edmund St. 

SIMMONS, Raymond S., Keystone Steel & Wire 
Co. 


PERU 

SMITH, William N., Wood River Oil & Refining 
Co., Box 19. 

ROBINSON 

HOLMES, Laird E., The Ohio Oil Co. 


SPRINGFIELD 


CHURCH, Lawrence T., Panhandle Eastern Pipe 
Line Co., Kansas City, Mo. For mail: 1605 
Fayette. 

MILLER, Calvin A., Central 
Service Co., Illinois Bldg. 


Illinois Public 


URBANA 


LANE, Russell W., Illinois State Water Survey, 
Urbana, Ill. For mail: Box 232. 

LARSON, Thurston E., Illinois State Water 
Survey, Box 232. 

WAINWRIGHT, Ray M., University of Illinois. 


WAUKEGAN 

ROGERS, Oscar F., North Shore Gas Co., 209 
Madison St. 

WOOD RIVER 


MAURER, Robert F., Shell Oil Co., Inc., Wood 
River Refinery, Box 262. 


INDIANA 
EAST CHICAGO 
BITTNER, Erwin T., Jr., American Steel 
Foundries, Research Laboratory, Indiana 


Harbor Works. 

HALLEY, James W., Inland Steel Co., 3210 
Watling St. 

eae yr G. D., Shell Oil Co., Ine., 200 Car- 
ro t. 

JUSTER, Maurice W., Socony-Vacuum Oil Co. 

KARNISKY, Benny, Pullman Standard Car Mfg. 
Co., Chicago, Ill. For mail: 1225 Beacon St. 

O’BRIEN, H. L., Graver Tank and Manufactur- 
ing Co., Ine., 4809 Tod Ave. 

RUSH, E. H., Shell Oil Co., Ine., 200 Carroll St. 


ELKHART 


LOBLEY, F. A., Miles Laboratories, Inc., 1127 
Myrtle St. 


ELWOOD 


BERRINGER, John C., Panhandle Eastern Pipe 
Line Co., 925 South A St. 


EVANSVILLE 


BERRY, Norton E., Servel, Inc., 119 N. Morton 
Ave. 


FORT WAYNE 


SIMMONS, Julius M., Joslyn Manufacturing & 
Supply Co., 1701 McKinley St. 


GARY 


MORRISON, D. Benjamin, Carnegie-Illinois 
Steel Corp., Gary Steel Works. 

ROBERSON, Frank, Carnegie-Illinois Steel Co., 
No. 1, North Broadway. 


HAMMOND 


ERICSON, Rudolph C., Northern Indiana Public 
Service Co., 5265 Hohman Ave. 

PARSON, R. A., Pullman-Standard Car Man- 
ufacturing Co., 1414 Fields St. 

SVETLIK, Joseph, Northern Indiana Public 
Service Co., 5265 Hohman St. 

WILLIAMSON, Merritt A., Pullman-Standard 
Car Manufacturing Co., 1414 Fields St. 


HOBART 


ANDERSON, Albert A., Standard Oil Company 
of Indiana, Whiting, Ind. For mail: 940 
Garfield St. 


INDIANAPOLIS 


CANTWELL, Guy H., Indiana Bell Telephone 
Co., 240 N. Meridian St. 

HIGBURG, Wm., Reilly Tar & Chemical Corp., 
Merchants Bank Bldg. 

HONECKER, Walter C., Indiana Bell Telephone 
Co., 240 Meridian. 

MARTIN, S., Citizens Gas Coke Utility, 
330 W. Ninth St. 

PAYNE, Paul B., Dearborn 
Chamber of Commerce Bldg. 

REESE, H. L., H. L. Reese Universal Construc- 
tion Co., 1129 Udell St. 

SEAL, Wm. D.. Indianavolis Power & Light 


Chemical Co., 


627 
Santa 
1800 
4 


INDIANA 


KOKOMU 
CHISHOLM, Charles G., Haynes Stellite Co., 725 


SCOTT, Continental Steel Corp., 


Markland Ave. 


LAFAYETTE 


BONNET, Robert W., Duncan Electric Manufac- 
turing Co., 244 Third St. 

COLEMAN, Engineering Consultant, Box 
705. 


LAWRENCEBURG 
LADENBURG, Kurt, Schenley Distillers, Inc. 


MUNCIE 


CLARKE, Edward Dean, Central Indiana Gas 
Co., 20th & Monroe. 


TERRE HAUTE 

COLLORA, Nicholas A., Commercial Solvents 
Corp., 1331 S. First St. 

EGLY, Richard S., Commercial Solvents Corp., 
Research Department. 

SCHMITZ, Fred W., Commercial Solvents Corp. 

WHITING 

RIMBAULT, E .L., Jr., American Smelting & 
Refining Co., Federated Metals Div., Box 471. 

ZIONSVILLE 

JOHNSON, J. F., Jr., Shell Oil Co., Inc 

IOWA 

CEDAR RAPIDS 

WIDMER, Charles Max, Penick & Ford, Ltd., 
Inc. 

CLINTON 

PELTON, Charles H., Clinton Industries, Inc. 


DAVENPORT 

WILLIAMS, Geo. T., The United Light & Rail- 
ways Service Co., United Light Bldg. 

DES MOINES 


BEATTIE, George, Iowa Power & Light Co., 
312 Sixth Ave. 
DEHAAN, Peter C., Iowa Power & Light Co., 

312 Sixth Ave. 


SIOUX CITY 


DOUGHERTY, Wm. J., Sioux 
Electric Co., 515 Fifth St. 
LUTJENS, Fred H., South Dakota 

Service Co. 


City Gas & 
Public 


KANSAS 
ARKANSAS 
DEERING, F. A., The Kanotex Refining Co., 
Box 454. 
AUGUSTA 


BEDELL, H. L., White Eagle Div., Socony- 
Vacuum Oil Co., Ine. 

BEGOLE, E. R., Socony-Vacuum Oil Co., Ince., 
Pipe Line Dept. 


BLUE RAPIDS 

YOUNG, Louis N., National Cooperative Re- 
finery Association. 

BURRTON 

PETTIJOHN, Dale S., Panhandle Eastern Pipe 
Line Co., R. R. 2. 

GREAT BEND 


ELKINS, Randell L., Shell Oil Co., Ine. 
WOLFE, H. E., Bradford Pipe Cement Lining 
Co., Box 41 


HUGOTON 
MOFFITT, John H., 


INDEPENDENCE 


BAKER, W. W., Sinclair Refining Co., Colum- 
bus, Ohio. For mail: Sinclair Refining Co., 
Products Pipe Line, Box 460. 

FELL, Paul D., Pipe Line Dept., 
fining Co., Box 460. 

KAUFFMAN, David S., Sinclair Refining Co., 
Products Pipe Line, Box 460. 

=" Earl W., Sinclair Refining Co., Box 


WADE, O. W., Great Lakes Pipe Line Co., 405 
Fifth St. 


KANSAS CITY 


RIEGELMAN, Philip B., The Marley Co., Inc., 
3001 Fairfax Rd. 


LIBERAL 


GRABER, Waldo E., Panhandle Eastern Pipe 
Line Co., Box 979. 


Republic Natural Gas Co. 


Sinclair Re- 
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McPHERSON 
MARY, J., National Refinery 
Assn., Box. 707. 


MITCHELL, Jefferson W., The National Co- 
operative Refinery Association. 


PARSONS 
ZAHM, E. L. E., Missouri-Kansas-Texas Lines. 


PITTSBURG 
J. G., Spencer Chemical Co., Box 


a Ralph D., Spencer Chemical Co., Box 


WOODWARD, Henry F., Jr., Spencer Chemical 
Co., Box 604. 


TOPEKA 


COREY, Bruce L., Socony Vacuum Co., Ine., 
Box 27. 


WELLINGTON 


BARLOW, Victor E., Presstite Engineering Co., 
1019 N. Washington. 


WICHITA 


BAUGHMAN. George W., Cessna Aircraft Co. 

BRECHEISEN, Charles M., Socony-Vacuum Oil 
Co., First National Bank Bldg. 

FLINT, J. W., Cities Service Gas Co., Box 1162. 

FOSSETT. W. K., Beech Aircraft Corp., 
E. Central St. 

GILMORE, Ernest A., Jr., Cities Service Gas 
Co., 212 N. Market St. 

GREEN, M. C., Green Contracting & Engineer- 
ing Co., Inc., 103 S. Vine. 

MACH, Walter W., Cities Service Gas Co., 212 
N. Market. 

MILTNER, Donald E., Socony-Vacuum Oil Co., 
Inc., First National Bank Bldg. 

PHIPPS, Harry K., Socony-Vacuum Oil Co., 
Inec., First National Bank Bldg. 

RUPF, J. Albert, Socony-Vacuum Oil Co., Inc., 
First National Bank Bldg. 

SCHNEPEL, Palmer W., Paldon Contracting 
‘o., Inc., 2311 Rivera St. 

STEPHENS, E. H., Westinghouse Electric Corp., 
301 S. Market St. 

SUTTER, Carl H., Kansas Gas & Electric Co., 
201 N. Market St. 


KENTUCKY 
ASHLAND 
WRIGHT, Lewis S., Ashland Oil & Refining 
Co. 


CATLETTSBURG 


MOORE, Laban T., Tennessee Gas Transmission 
Co., Box 546. 


LOUISVILLE 

AKER, Lewis P., Louisville Gas & Electric Co., 
311 W. Chestnut St. 

BENSON, Lamont J., Reynolds Metals C 
S. Ninth. 

HOLTMAN, Clemens W., Institute of Plumbing 
Research, 1541 S. Seventh St. 
HURTGEN, Archibald, Henry Vogt Machine 
Co., Louisville, Ky. For mail: Box 484. 
MILLER, Frank H., Jr., Enterprise Chemical 
Corp., 213 W. Main. 

MILLER, George M., Louisville Gas & Electric 
Co., 311 W. Chestnut St. 

PERKINS, George, Reynolds Metals Co., 2500 S. 
Third St. 

TROUPE, Ralph A., 
Dept. of Chemical Engineering, 
of Louisville. 

UPDEGRAFF, Norman C., The Girdler Corp., 
224 E. Broadway. 

WILHITE, James B., 
Co., Louisville, Ky. For mail: 
land Blvd. 

WILLIAMS, Chas. W., American Air Filter Co., 
215 Central Ave. 


MT. STERLING 


BENDER, Richard B., Tennessee Gas Trans- 
mission Co., Houston, Texas. For mail: 228 
Winn St. 


Co., 2000 


Speed Scientifie School, 
University 


Louisville Gas & Electric 
110 E. South- 


OWENSBORO 
BIGGER, R. H., Western Kentucky Gas Co. 


LOUISIANA 


BATON ROUGE 


BLANCHARD, John Taylor, Louisiana Indus- 
trial Equipment Co., 2346 N. Foster Drive. 
DELAHAY, Paul, Louisiana State University, 

Department of Chemistry. 
DRAUGHON, Charles R., Esso Standard Oil 
Co., Box 551. 
GURNEY, William B., Gulf States Utilities Co. 
HALL, W. Quentin, Ethyl Corp. 


OF CORROSION 


ENGINEERS LOUISIANA 

HARVEY, C., Ethyl Corp., Box 

726 Westmoreland Drive. 

STOBAUGH, Robert B., Jr., Esso Standard Qj 
Co., Box 551. 

THATCHER, G., Jr., Esso Standard Oil Co, 
TUTHILL, ‘Arthur H., Louisiana Division, 
Standard Oil Company of New Jersey. 
VIDOVIC, Paul P., Metal Goods Corp. For mail: 

1742 Pickett Ave. 


BENTON 

MILLS, Earnest J., Barnsdall Oil Co., Box 193, 

DE RIDDER 

COX, Gaylord H., Crosby Chemicals, 
Ridder, La. For mail: 518 Pine St, 

HARVEY 

GAIDO, S. J., Pipe Line Service Corp., Box 373, 

WHITE, Robert P., H. C. Price Co., Box 263, 

KENNER 

KENDRICK, J. L., United Gas Pipe Line (Co, 
Box 206. 

LAKE CHARLES 


ABRAHAM, Mack, Cities 
Corp., Butadiene Plant. 

ANDERSON, Joseph Milton, Southern Alkali 
Corp., Box 900. 

BROWN, Vernon M., 


Service Refining 


Southern Alkali Corp, 


Box 900. 
BURNS, C. A., Southern Alkali Corp., Lake 
Charles, La. For mail: 205 Vanderbilt Dr. 


FREEMAN, Richard S., Cities Service Refining 
Corp., Tutwiler Refinery. 

GARBER, Glenn D., Cities Service Refinery, 
Lake Charles, La. "For mail: 198 Watkins St. 

HARGRODER, A. D., Mathieson Alkali Works. 

HOWELL, Lynn D., Southern Alkali Corp, 
Box 900. 

MANN, L. D., Cities Service Refining Corp., 716 
Hodges St. 

NIXON, T. H., Southern Alkali Corp. 

PICARAZZI, Joseph J., Cities Service Refining 
Corp., Lake Charles, La. For mail: 417 
Burnett St. 

TOMB, H. H., Southern Alkali Corp., Box 900, 

WOODMAN, Frank W., Southern Alkali Corp., 
Box 900. 


MAPLEWOOD 


BIENVENU, Alan L., Cities Service Refining 
Corp., Lake Charles, La. For mail: 101 Vine 
CROMEANS, Olyndia L., Southern Alkali Corp., 
Lake Charles, La. For mail: 11 Poinsettia. 
LeBLANK, Roland L., Cities Service Refining 
Co., Lake Charles, La. For mail: 412 Parish 
Road. 
PONDER, Thomas C., Southern Alkali Corp., 
— Charles, La. For mail: 50 Beauregard 
ve. 


MONROE 


GIVENS, Allen T., Southern Gas Lines, Ine. 
Drawer 1562. 

RODDEY, O. C., 
Ine., Box 1482. 

STEVENS, Ward W., Dixie Chemical Division, 
Commercial Solvents Corp., Box 1471. 

NEW ORLEANS 

AKERBERG, George E., Metal Goods Corp. 
432 Julia St. 

— C. Paul, The California Co., 1818 Canal 

ag. 

a S., The California Co., 1818 Canal 
3ldgz 

COLLINS, James H., Ebasco Services, Inc., New 
York, N. Y. For “mail: 1310 Short St. 

CRAWFORD, Murray L., Aluminum Co. of 
America, Whitney Bldg. 

DURNING, W., Louisiana Power Light 
Co., 142 Delaronde St. 

GAIDRY, L., New Orleans Public Service, 
Inc., 317 Baronne St. 

HESS, W. T., Louisiana Power & Light Co. 
142 Delaronde St. 

IRELAND, L. G., New Orleans Public Service, 
Inc., 317 Baronne St. 

KIPP, E. M., The California Co., Canal Bldg. 

KUHN, Robert J., Consulting Engineer, 2724 
Octavia St. 

SEVIN, Lloyd L., Louisiana Power & Light Co., 
142 Delaronde St. 

SLAVIK, Edward W., Dowell, Inc., Delta Bldg. 

STEWART, C. A., United Gas Pipe Line Co. 
707 Canal Bldg. 

TROUARD, Sidney E., New 
Service, 317 Baronne St. 

WATSON, M. P., United Gas Pipe Line Co. 
Canal Bldg. 


NORCO 
ROURGEOIS, Earle, Norco Gas & Fuel Co., Ine. 
OPELOUSAS 

MAYNE, Paul J., Consulting Engineer, Box 293. 


Interstate Natural Gas Co. 
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LOUISIANA 


poRT SULPHUR 
MUERY, Sam J., Jr., Freeport Sulphur Co. 


ABERNATHY, M. A., United Gas Pipe Line Co., 


Box 1407. 

BABCOCK. L. F., Arkansas Fuel Oil Co., Slat- 
t 

BALL, Norman D., Arkansas Louisiana Gas Co., 
Box 1734. 

V., United Gas Pipe Line Co., 
B 1407. 

BETSON, Maurice W., D. E. Stearns, Inc., 
Shreveport, La. For ‘mail: 3956 Richmond. 

a” H. R., Union Producing Co., Box 


BOWEN, Lloyd O., Jr., United Gas Pipe Line 
Co., Box 1407. 

BROOME, A., Arkansas Louisiana Gas Co., 
Slattery Bldg. 

BUSCH, Paul E., Texas Eastern Transmission 
Corp., Box 1612. 

— Ben F., Union Producing Co., Box 


CLAWSON, Cc. H., Union Producing Co., United 

Gas Bldg. 

Joseph A., Youngstown Sheet & Tube 
Youngstown, Ohio. For mail: Box 44. 

EVANS, Cc. W., United Gas Pipe Line Co., Box 


1407. 
FARMER, C. E., United Gas Pipe Line Co., Box 


1407. 

GLEASON, Alvin T., United Gas Pipe Line Co., 
Box 1407. 

GRAVES, R. W., Triangle Pipeline Co., 940 
Margaret Place. 

GRECO, Edward C., United Gas Pipe Line Co., 
Box 1407 

HENDERSON, E. L., United Gas Corp., Box 
1407. 

HOLCOMBE, Tom L., Holcombe & Stearns, Inc., 
Medical Arts Bldg. 

JORDAN, Raymond C., United Gas Pipe Line 
Co., Box 1407. 

KOENIG, E. A., Texas Eastern Transmission 
Corp., Box 1612. 

LEVERT, Wm. F., United Gas Pipe Line Co.. 
Box 1407. 

LIVENGOOD, Robert G., Johns-Manville Sales 
Corp., Box 1260. 

LOVELL, Odus W., 
Co., Box 1407. 

MacROBERTS, D. T., United Gas Pipe Line 
Co., Research Department, Box 1407. 

McDONALD, T. B., United Gas Pipe Line Co., 
Box 1407. 

McGUFFY, E. L., Crane Packing Co., 
garet Place. 

MILLER, Pat H., Texas Eastern Transmission 
Corp., 520 Spring St. 

MONCRIFF, R. S., Southwestern Gas & Electric 
Co., Shreveport, La. For mail: 1345 Jen- 
nings St. 

OLIVE, Marion Jones, Arkansas Natural Com- 
panies, General Engineering Dept. 

~— G. R., United Gas Pipe Line Co., Box 

PULLEN, P. T., Electro Rust-Proofing Corp., 
Belleville, N. J. For mail: 2624 Lake Shore 
Drive. 

RAWLINS, Joe C., Interstate Oil Pipe Line Co., 
Tulsa, Okla. For mail: 645 Unadilla. 

RIALL, Lindsey W., United Gas Pipe Line Co., 
Box 1407. 

SMITH, James M., 
Box 1107. 

SMITH, William B., 
Co., Box 1407. 

SPINKS, Lee N., United Gas Pipe Line Co., 
Box 1407. 

STEARNS, D. E., D. E. Stearns Co., 

SULLIVAN, E. H., 
-Box 1407. 

WAFER, George W., Texas Eastern Transmis- 
sion Corp., Box 1612. 

WALKER, Jack R., United Gas Pipe Line Co., 
Shreveport, La. For mail: 2748 Barret St. 
WHEELER, A. W., Graybar Electric Co., 3621 
Greenway Place. 
WHITING, Drew T., 

Ockley St. 

WILKES, Frank M., 

Inc. 


Jr., United Gas Pipe Line 


940 Mar- 


Interstate Oil Pipe Line Co., 


Jr., United Gas Pipe Line 


Box 1234. 
United Gas Pipe Line Co., 


Ingersoll-Rand Co., 670 


Southwestern Gas & Elec- 


SULPHUR 


CORDILL, Stephen H., The Union Sulphur Co., 
trie Co. 


WEST LAKE 


CHIASSON, Crawford Ellis, Cities Service Re- 
fining Corp., Lake Charles, La. For mail: 
Route No. 1, Box 323D. 


WEST MONROE 

VAUGHAN, Charles E., Jr., Louisiana Power 
& Light Co., 101 Cotton St. 

WESTWEGO 


SCHUPP, Carleton H., Products - Research- 

; Service, Inc., 521 Avenue F. 

WOGAN, Philip B., Products-Research-Service, 
Inc., 521 Avenue F 
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MAINE 
PORTLAND 


CHAMPLIN, George L., Portland Pipe Line 
Corp., 335 Forest Ave. 
GOODWIN, Carlton L., 
Corp., 335 Forest Ave. 


Portland Pipe Line 


MARYLAND 
ANNAPOLIS 


BASIL, John Leslie, U. S. Naval Engineering 
Experiment Station. 

SCHREITZ, Wm. Gordon, U. S. Naval Engi- 
neering Experiment Station. 


ARMY CHEMICAL CENTER 


MEAD, William J., Army, Chemical Corps, 
95th Chemical Service Co. 


BALTIMORE 


nase. Paul W., The Davison Chemical 

orp. 

BEST, George E., Mutual Chemical Company of 
America, 1348 Block St. 

BODFISH, Howes, Aluminum 
America, Baltimore Life Bldg. 

DARRIN, Marc, Mutual Chemical Company of 
America, 1348 Block St. 

DWYER, T. J., Consolidated Gas Electric Light 
& Power Company of Baltimore, Front St. 


Bldg. 

FRIANT, Stewart, Dearborn Chemical Co., 2205 
South Road. 

HENDERSON, W. Paul, Weather Mastic, Inc., 
Baltimore, Md. For mail: 1604 Kingsway Rd. 

HUSTON, Kenneth M., Rustless lron & Steel 
Div., American Rolling Mill Co., 3400 E. 
Chase St. 

KELLER, Albert Freed, Kuehnle-Wilson Cor- 
rosion Engineering Co., Inc., 622 N. Calvert. 

KUEHNLE, A., Jr., Kuehnle-Wilson Corro- 
ison Engineering Co., Inc., 622 N. Calvert. 

MAYER, William J., A. M. Byers Co., 10 E. 
Lexington St. 

McCORMICK, Lawrence O., Consolidated Gas 
Electric Light & Power Co., Madison & Con- 
stitution Sts. 

PARRAN, J. Harold, Weather-Mastic Inc., Bal- 
timore, Md. For mail: 914 Belgian Ave. 

POWELL, Sheppard T., Consultant, 330 N. 


Charles St. 
“Spotswood,’’ Woodbrook. 


PRUTTON, C. F., 
WOLF, Edgar F., Consolidated Gas Electric 


Light & Power Company of Baltimore, 531 
E. Madison. 


ZAPFFE, Carl A., Consulting Metallurgist, 6410 
Murray Hill Rd. 


BETHESDA 


FARRAR, Walter B., 
neers, Washington, D. 
Elm St 


HOLLYWOOD 


HIMMLER, Alden C., U. S. Maritime Commis- 
sion, Washington, D. C. For mail: Holly- 
wood, Md. 


KENSINGTON 


WALDRON, Leo J., Naval Research Laboratory, 
eo D. C. For mail: 41 Farragut 
ve. 


Company of 


Office Chief Engi- 


For mail: 5011 


MASSACHUSETTS 
BELMONT 


GRONDAL, B. J., Lever’ Bros., Cambridge, 
Mass. For mail: 39 Hammond Rd. 


BOSTON 


BIRD, J. D., The Dampney Company of America, 
1243 River, Hyde Park. 

CUSHING, Daniel, Consulting Metallurgical En- 
gineer, 148 State St. 

PIKE, Donald B., Stone & Webster Engineering 
Corp., 49 Federal St. 

POWELL, Edwin Burnley, Stone & Webster 
Engineering Corp., 49 Federal St. 

RAPHAEL, William, Esso Standard Oil Co., 
378 Stuart St. ~ 

RUE, Edward C., Boston Edison Co., 
mont St. 

TITSWORTH, Edwin J., Koppers Co., Inc., 
Tar Products Div., 250 Stuart St. 


CAMBRIDGE 


BRASUNAS, Anton Desales, Dept. of Metal- 
lurgy, Mass. Inst. of Technology* 

DAVIS, F. W., E. B. Badger & Sons Co., 260 
Bent St. 

SERVI, Italo S., Massachusetts Institute of 
Technology, Corrosion Laboratory* 

STERN, Milton, Massachusetts Institute of 
Technology, Corrosion Laboratory, 77 Massa- 
chusetts Ave.* 

UHLIG, H. H., Massachusetts Institute of Tech- 
nology. 


MALDEN 
TURNER, Elmer A., New England Power 
Service Co., 157 Pleasant St. 
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MICHIGAN 


PITTSFIELD 


BRUSH, Edwin G., General Electric Co., 342 
Dalton Ave. 


QUINCY 


MOSHER, L. Malcolm, Bethlehem Steel Corp., 
Shipbuilding Div. 


SOUTH BARRE 


CUTTING, Merritt E., The Barre Wool Combing 
Co., Ltd., Vernon Ave. 


SOUTH BOSTON 


SHERWOOD, William C., Hersey Manufactur- 
ing Co., E and Second Sts. 


SPRINGFIELD 
CASE, William W., Case Sales Co., Box 
838. 


WALTHAM 
KARRAKER, E. L., Shell Oil Co., Inc., Box 181. 


WATERTOWN 
JACOBSON, Murray, Watertown Arsenal. 


MICHIGAN 
ANN ARBOR 


SIEBERT, C. A., University of Michigan, E. 
Engineering Bldg. 


BATTLE CREEK 


BLAESE, Arnold C., 
McKinley St. 


BIG RAPIDS 


THOMSON, J. B., Michigan Consolidated Gas 
Co., 218 Maple St. 


DEARBORN 


ANDREWS, Alvin G., Michigan Bell Telephone 
Co., 22113 Francis Ave. 

McKENZIE, T. Curtis, Klem Chemical Works, 
14401 Lanson St. 


DETROIT 


ALTENBURGER, Clarence L., Great Lakes Steel 
Corp., Ecorse. 

BARRETT, E. D., Chicago Bridge & Iron Co., 
Lafayette Bldg. 

CAVANAGH, W. R., Parker Rust Proof Co., 
2177 E. Milwaukee St. 

CLAYTON, William J., Adhesive & Coating 
Div., Minnesota Mining & Manufacturing 
Co., 411 Piquette Ave. 

COLEY, Glenn, The Detroit Edison Co., 2000 
Second 

FRASER, William R., Michigan Consolidated 
Gas Co., 415 Clifford. 

HEUSSNER, Carl E., Chrysler Corp, Box 1919. 

HINCHMAN, William H. D., The Hinchman 
Corp., Francis Palms Bldg. 

HIRSHFELD, James F., The Hinchman Corp., 
Francis Palms Bldg. 

KENNEDY, Ted, Dearborn Chemical Co., Book 
Tower. 

LoPRETE, Jack H., Spray-Coat Engineers, Inc., 
8711 W. Chicago Blvd. 

NIELSEN, Claudius, Nielco Laboratories, 8129 
Lyndon St. 

PARTINGTON, Sidney, The Detroit Testing 
Laboratory, 554 Bagley Ave. 

PINNER, W. L., Houdaille Hershey Corp., 9120 
Roselawn. 

ROOSA, Max B., Parker Rust Proof Co., 2177 
E. Milwaukee Ave. 

ROSE, Gordon P., Porce-Lin Tank Lining Co., 
456 E. Milwaukee Ave. 

SANDERSON, Wiley D., The Detroit Edison Co., 
2000 Second Ave. 

SAULSON, Saul, Albert Kahn Associated Archi- 
tects & Engineers, Inc., 345 New Center Bldg. 

ane Jules F., Reynolds Metals Co., 1010 Fisher 
Bldg. 

WALKER, Henry S&., 
2000 Second Ave. 

WEIGELE, T. W., Michigan Consolidated Gas 
Co., 415 Clifford St. 


Sales Engineer, 100 N. 


The Detroit Edison Co., 


HUNTINGTON WOODS 


FELLOWS, C. H., The Detroit Edison Co., 
Detroit, Mich. For mail: 10115 Nadine Ave. 


JACKSON 


HERRINGSHAW, D. E., Gas Operations, Con- 
sumers Power Co., 212 W. Michigan Ave. 
O’BRIEN, T. W., Consumers Power Co., 212 
Michigan Ave., W 

SIMPSON, John B., Michigan Gas Storage Co., 
212 W. Michigan Ave. 

STELZER, James G., Consumers Power Co., 
212 W. Michigan Ave. 


KALAMAZOO 
LANE, B. S., Upjohn Co. 


q 


MICHIGAN 


MIDLAND 


ALQUIST, F. N., The Dow Chemical Co., Mid- 
land, Mich. For mail: 2416 Manor Drive. 
COLBURN, Lyle W., Corrosion Control Co., 
1608 Adelaide St. 

GREBE, John J., Route 5. 

HUNTER, Ralph M., Dow Chemical Co., Mid- 
ern Mich. For mail: 1001 St. Andrews 


ROBINSON, Harold A., Dow Chemical Co., Mid- 
land, Mich. For mail: 616 E. Grove St. 
SCHMIDT, Herbert W., Dow Chemical Co., 1313 

Helen St. 
SMITH, Arthur, Jr., Dow Chemical Co. 
SPALDING, A., The Dow Chemical Co. 


MT. PLEASANT 

MAHONEY, E. J., Jr., Mahoney Contracting 
Co., 215 Hersee Bldg. 

SAGINAW 

FEATHERLY, Robert L., Dow Chemical Co., 
Midland, Mich. For mail: 2559 N. Bond St. 

TRENTON 

HICKEY, 
Co., Ine 

VICKSBURG 


ELDRED, Norman O., 508 Draper St. 
RONNINGEN, H. A., Ronningen Engineering 
Sales. 


WAYNE 
GARCIA, Luis, Ohio-Michigan Pipeline Div., 


Transit & Storage Co., Wayne, Mich. For 
mail: Box 231. 


Robert Percy, Socony-Vacuum Oil 


WYANDOTTE 


COOK, Leon D., Jr., Wyandotte Chemicals Corp., 
North Plant. 


MINNESOTA 
MINNEAPOLIS 


CARTER, Geo. M., Jr., Minneapolis Gas Light 
Co., Eighth and Marquette. 

FREDERICKSON, Hubert M., Montana-Dakota 
Utilities Co., 831 Second Ave., S. 

KAIM, Fred J., Superior Plating & Rustproofing 
Co., 1060 Tenth Ave., S. E. 

LINDEMANN, Ervin, Minneapolis-Honeywell 
Regulator Co., 2753 Fourth Ave. S. 

NEPRUDE, E. N., City of Minneapolis Water 
Dept., Minneapolis, Minn. For mail: 2712 
Humboldt Ave. S. 

PATTERSON, M. Kingsley, Minneapolis Gas 
Co., 7389 Marquette Ave. 

WALKER, Basil G., Corporation, 718 
Central Ave. 


MISSISSIPPI 
COLUMBUS 
KEAN, E. E., Jr., Mississippi Gas Co., Box 884. 


HATTIESBURG 


TATUM, Joe F., 
Drawer 1350. 
TATUM, John M., 
Drawer 1350. 


Willmut Gas and Oil Co., 
Willmut Gas and Oil Co., 


JACKSON 


HURST, Ralph, Mississippi Power & Light Co., 
Lampton Bldg. 

JONES, G. C., Mississippi Power & Light Co., 
Box 1640. 

MINOR, Alton F., Southern Bell Telephone & 
Telegraph Co., Box 811. 

PARNELL, H. S., United Gas Pipe Line Co., 
Box 1020. 

PEABODY, A. W., Ebasco Services Inc., New 
York, N. Y. For mail: 263 Houston Avenue. 


MERIDIAN 
GRIFFIN, H. K., Mississippi Gas Co., Box 1191. 


MISSOURI 
BRENTWOOD 


McGRUE, W. M., Lumnite Div., Universal Atlas 
Cement Co., New York, N. Y. For mail: 
8730 Bridgeport Ave. 

VONDRASEK, H. W., Standard Pipeprotection, 
Inec., 3000 S. Brentwood Blvd. 


JOPLIN 

MUSGRAVE, John R., The Eagle-Picher Co., 
Box 290. 

KANSAS CITY 


BLACK, Ernest B., Black & Veatch, Consulting 
Engineers, 4706 Broadway. 

BLACK, Ralph P., Jr., Aluminum Company of 
America, 2300 Power and Light Bldg. 
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BUDDRUS, E., Panhandle-Eastern Pipe Line 
Co., 1221 Baltimore Ave. 

HIBBS, Don B., Cooperative Refinery Associa- 
tion, Box 2359 

HUMMON, C. Gerald, Sheffield Steel Corp., 
Sheffield Station. 

KEANE, C., Great Lakes Pipe Line Co., 
Drawer 2239. 

McELHATTON, Francis J., Panhandle Eastern 
Pipe Line Co., 1221 Baltimore Ave. 

NEIPP, Howard S., Owens-Corning Fiberglas 
Corp., Power & Light Bldg. 

NORTON, Harry A., Western Union Telegraph 
Co., 114 E. Seventh St. 

PYOTT, oe T., Great Lakes Pipe Line Co., 

9 


SMITH, Harold L., Butler Manufacturing Co., 
13th & Eastern. 

STUTZMAN, Milo J., Midwest Research Insti- 
tute, 4049 Penn. 

YATES, Clarence C., Southwestern Bell Tele- 
phone Co., Telephone Bldg. 


KIRKWOOD 


AHLFF, A. A., Rust-Oleum Corp., 
brook Lane. 

WHITE, W. J., Minnesota Mining & Manufac- 
turing Co., St. Louis, Mo. For mail: 514 
Parkwood Ave. 


LOUISIANA 


GARDNER, G. Douglas, U. S. Bureau of Mines, 
Coal to Oil Demonstration Div. 


ST. LOUIS 


BAIRD, Hugh W., Standard Pipeprotection Inc., 
Box 2938. 

DEACON, Wm. T., Solvents & Plastics Co., 8032 
Forsythe Blvd. 

DEACON, William T. III, Solvents & Plastics 
Co., 8032 Forsyth Blvd. 

FENNER, Otto H., Monsanto Chemical Co., 1700 
S. Second St. 

Ray J., National Lead Co., 722 Chest- 
nut 

FISHER, George A., Jr., The 
Nickel Co., 411 N. 7th St. 

GLESER, Sol M., U. S. Army Corps of Engi- 
neers, 12th and Market Sts. 

GROSS, W. F., Tret-O-Lite Co., 937 Pacific Ave. 

HANGER, K. H., Missouri-Kansas-Texas Lines, 
Railway Exchange Bldg. 

HART, R. P., Missouri Pacific Railroad, Mis- 
souri Pacific Bldg. 

JOHANNES, E. Gent, Mineral Products Co., 
2440 Kosciusko. 

KELLER, W. H., Johns-Manville Sales Corp., 
1000 Market St. 

KUHLMANN, Frank H., Dearborn Chemical Co., 
1218 Olive St. 

LESTER, Charles B., Sohio Pipe Line Co., 407 
N. Eighth St. 

LOPATA, Stanley L., Stanley L. Lopata Co., 
St. Louis, Mo. For mail: 12 Dielman Rd., 
City of Ladue. 

LOWTHER, G. B., Mississippi River Fuel Corp., 
407 N. Eighth St. 

LYNCH, William H., Barry Wehmiller Machine 
Co., 4660 W. Florrisant. 

MANGE, Clarence E., C. E. Mange Development 
Lab., 4425 Geraldine Ave. 

MARTIN, F. J., Mississippi River Fuel Corp., 
407 N. Eighth St. 

McCOMB, Geo. B., Standard Pipeprotection, Inc., 
3000 S. Brentwood Blvd. 

MEYER, Walter, John Nooter Boiler Works Co., 
1400 S. Second St. 

MORIE, Fred C., Formica Insulation Co., Paul 
Brown Bldg. 

NORDQUIST, Howard O., Jos. T. Ryerson & 
Sons, Inc., 5 Clinton St. 

POTTEIGER, William I., The Carpenter Steel 
Co., 712 Cass Ave. 

RAITH, W. H., Protective Coatings Co., 2626 
Sidney St. 

RASMUSSEN, V. L., The Laclede Gas Light 
Co., 3950 Forest Park Ave 

RICE, E. L., National Lead Co., Titanium Div., 
Carondelet Sta. 

RICHARDS, Walter C., A. Leschen & Sons Rope 
Co., 5909 Kennerly Ave. 

SCHOENE, C. E., The Laclede Gas Light Co., 
1017 Olive St. 
SIBLEY, Robert S., 

1800 S. Second St. 

SMITH, Philip H., John Nooter Boiler Works 
Co., 1400 S. Second St. 

WHITNEY, F. L., Monsanto Chemical Co., 1700 
S. Second St. 

WILSON, J. B., Standard Pipeprotection, Inc., 
Box 2938. 

ZANGE, Max, War Department, Corps of Engi- 
neers, U. S. Army. For mail: Warwick Hotel. 

ZIEBOLD, H. O., Mississippi River Fuel Corp., 
407 N. Eighth St. 


18 Heather- 


International 


Monsanto Chemical Co., 


SPRINGFIELD 


BARRY, H. B., St. Louis-San Francisco Railway 
Co., Bldg. 

COLEMAN, . D., Ajax Pipe Line Corp., Box 
1246 S.S. 

HENDERSON, Mervin W., 
Corp., Box 1246, S. S. S. 

HERZOG, Max A., St. Louis-San 
Railway Co., Frisco Laboratory.- 


Ajax Pipe Line 


Francisco 


CORROSION ENGINEERS 


NEW JERsey 


UNIVERSITY CITY 


DOLSON, Frank E., Jr., St. Louis County Wate 
Co., 6600 Delmar Blvd. 


WEBSTER GROVES 
Charles M., Tret-O-Lite Co., 937 


MacGREGOR, Alfred H., Bauer Black 
vision, The Kendall Co., 336 Hawthorne Aye, 


MONTANA 
BILLINGS 


HAGEMAN, D. E., 
Box 958. 


BUTTE 


DAVIS, Carl R., Montana Power Co., 40 E 
Broadway. 


City Water Department, 


GLENDIVE 
KNAPP, Frederick F., Montana-Dakota Utilities 


Co. 
SCHROTH, Harry A., Montana-Dakota Utilitig 
Co., Box 131. 


NEBRASKA 
BEATRICE 


KRUEGER, Jess J., Northern Natural Gas (o,, 
1708 Grant St. 

SCHMIERER, A. F., Natural Gas Pipeline 
Company of America, 1315 N. Ninth St. 


HASTINGS 


HILL, Leonard C., Kansas-Nebraska Natural 
Gas Co., Inc., 300 N. St. Joe. 


LINCOLN 


GRAHAM, Robert A., Central Electric & Gas 
Co., 144 S. Twelfth St. 

LANGHUS, Louis, Central Electric & Gas Co, 
144 S. 12th St. 

WATTS, Bruce B., K. W. Engineering Co., 281 
N. 11th St. 


OGALLALA 


GOODALL, R. A., Good-All Electric Manufactur- 
Co., 112 W. First St. 

GORDON, A. H., Good-All Electric Manufae- 
turing Co., 112 W. First St. 

SMITH, Lyle R., Good-All Electric Manufactur 
nig Co., 112 W. First St. 


OMAHA 


BRUHN, H. W., Omaha & Council Bluffs Elec 
trolysis Committee, 1020 N. 22nd St. 

BURGESS, Wilbur T., Metropolitan 
District, 18th & Harney. 

HAAS, W. B., Northern Natural Gas Co., Aquila 
Court Bldg. 

JOHNSON, A. G., Omaha Public Power Dis- 
trict, 17th & Harney Sts. 

KLEVER, Charles F., Metropolitan Utilities 
Dist., 18th & Harney Sts. 

ROBERTSON, James P., American Telephone & 
Telegraph Co., Service Life Bldg. 


NEW JERSEY 
BARBER 
REICHARD, Edmund C., American Smelting & 
Refining Co., Central Research Laboratory. 


TAYLOR, R. D., American Smelting & Refining 
Co., Federated Metals Div., 1160 State St. 


BAYONNE 


BEHRMAN, William F., Tide Water Associated i 


Oil Co., East 22nd. 
KLINGER, O. C., Oildom Publishing Co., 121% 
Hudson County Blvd. 


BELLEVILLE 
G., Bart Manufacturing Co., 227 
BROWNING. R. T., Electro Rust-Proofing Corp. 


St. 
SCHIFE. J., Electro Rust-Proofing Corp. 
1 Main St. 


BLOOMFIELD 


LEEDOM, M., 
of Newark, N 


BOUND BROOK 


SHEPARD, Spencer W., Caleo Chemical Div. 
American Cyanamid Co 


Division Water, City 
. J. For mail: 27 Fairway. 


BURLINGTON 


NELSON, Lloyd, United States Pipe 
Foundry Co. 
SCHUH, E., United States Pipe Foundry 


Co. 
WAGNER, Ernest F., United States Pipe 
Foundry Co. 
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NEW JERSEY 


CALDWELL 


CROBAUGH, Albert O., Propeller Div., Curtis 
Wright Corp. 


CAMDEN 
EDDISON, 
oratories, 


America. 
MOORE, Albert E., R. M. Hollingshead Corp., 


840 Cooper St. 


Clifford, Chemical & Physical Lab- 
RCA Victor Div., Radio Corp. of 


CARTERET 


F. L., 
* Union. 


United Chromium, Inc., One 


CRANFORD 


COPSON, Harry R., International Nickel Co., 
Bayonne, N. J. For mail: 124 Makatom Drive. 


EAST NEWARK 


BONNER, W. F., Federal Telephone & Radio 
Corp., 900 Passaic Ave. 

POWERS, S. J., Federal Telephone & Radio 
Corp., 900 Passaic Ave. 


EAST ORANGE 


HIGGINS, Edward J., American Gas & Electric 
Service Corp., New York, N. Y. For mail: 
76 Halsted St. 


EAST RUTHERFORD 


VAN AKIN, William J., The Flintkote Co., Oak 
St. & Central Ave. 


ELIZABETH 


DOSS, Glenn K., Standard Oil Development Co., 
Box 37. 

FYKE, F. C., Esso Engineering Dept., Stand- 
ard Oil Development Co., Box 37. 

OXLEY, George W., Standard Oil Development 
Co., 1115 Galloping Hill Rd. 

bie C. H., Standard Oil Development Co., 
ox 37. 


GLEN RIDGE 


WILSON, P. S., The Gregg Co., 325 Washing- 
ton St. 


GRASSELLI 

THIEDE, Richard Conrad, General Aniline 
Works. 

HACKENSACK 

EBERHARDT, Ernest T., Subox, Inc., Fair- 


mount Plant. 
PITTMAN, William G., William G. Pittman, In- 
dustrial Painting, 171-173 Main St. 


HADDONFIELD 


DAVIS, Edwin G., American Telephone & Tele- 
Philadelphia, Penn. For mail: 600 
rove St. 


HARRISON 


ALLEN, Russell J., Worthington Pump & Ma- 
chinery Corp. 

PAYSON, Peter, Crucible Steel Company of 
America, Fourth St. 

PRATT, Ward E., Worthington Pump & Machin- 
ery Corp. 


HASBROUCK HEIGHTS 


HEINZERLING, Robert F., California Texas 
Oil Co., Ltd., New York, N. Y. For mail: 
160 Terrace Ave. 


JERSEY CITY 


HORNER, Richard H., Joseph Dixon Crucible 
Co., 167 Wayne St. 


KEASBEY 


HERSTEIN, Frederick E., General Ceramics & 
Steatite Corp., Crows Mill Rd. 


LINDEN 


HOLMBERG, Emil G., Alloy Steel Products Co 
1300 W. Elizabeth Ave. 


MAHWAH 


DUNLAP, Gordon E., American Brake Shoe 
Co., Metallurgical Dept. 


GOHEEN, John L., American Brake Shoe Co., 
Metallurgical Dept. 


MANVILLE 


BARBEHENN, Ralph L., Johns-Manville Corp. 


CLARVOE, George W., Johns-Manville Research 
Laboratories, 


MAPLEWOOD 


HOWELL, John C., Public Service Electric 
-_ Gas Co., 200 Boyden Ave. 
Service Testing Lab., 
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MURRAY HILL 


ARNOLD, Sydney M., Bell Telephone Labora- 
tories, Ine. 

COMPTON, Kenneth G., Bell Telephone Labo- 
ratories. 

MENDIZZA, August, Bell 
tories. 


Telephone Labora- 


NEWARK 


BAUNACH, Robert P., Jr., New Jersey Bell 
Telephone Co., 540 Broad St. 

BLAKE, George H., Public Service Corp. of New 
Jersey, 80 Park Place. 

BROOKES, A. Sidney, Public Service Electric & 
Gas Co., 80 Park Place. 

HALL, Nathaniel, G. B. Hogaboom, Jr., & Co., 
44 E. Kinney St. 

HARVEY, W. J., Public Service Electric & Gas 
Co., 80 Park Place. 

HULL, George C., Jr., Anglo-American Varnish 
Co., 55 Johnson St. 

JACKSON, C. M., Devoe & Raynolds Co., Ruth- 
erford & Delancey Sts. 

LACHMUND, D. O., American Pipe & Con- 
struction Co., Amercoat Div., 29 New York 


ve. 

LEFEBVRE, Fabian J., Electro Rust-Proofing 
Corp., Box 178. 

NICOLSON, H. W., Public Service Electric & 
Gas Co., 80 Park Place. 

RANDOLPH, A. F., Public Service Electric & 
Gas Co., 80 Park Place. 

SALMON, Philip A., Public Service Electric & 
Gas Co., 80 Park Place. 

. F., American Steel Foundries, Ave- 


Corp., Box 178. 


NUTLEY 

COHEN ,Ralph, Hoffman La Roche, Inc., Roche 
Park. 

PASSAIC 

EVEREST, Guy N., Okonite Co. 


PATERSON 


BENNETT, Charles E., The Okonite Callender 
Cable Co., Inc., 730 21st Ave. 

GARRISON, V. L., Okonite Callender Cable Co., 
Inc., 730 21st Ave. 


PAULSBORO 
BENNETT, H. Howard, Socony-Vacuum Oil 
Co., In 


PRIOR, Joseph E., Socony-Vacuum Oil Co., 
Research & Development Labs. 
SHENTON, Frances G., Socony-Vacuum Oil Co., 
Inc., Research and Development Labs. 


PENNS GROVE 

DEGNAN, Thomas F., E. I. duPont De Nemours 
& Co., Chambers Works. 

PERTH AMBOY 


PETTEE, Allen D., General 
Washington St. 


Cable Corp., 26 


PHILLIPSBURG 
CANN, Kenneth R., Ingersoll-Rand Co. 


PLAINFIELD 


KLEINHEKSEL, S., Socony-Vacuum Oil 
Inc., Eastern P. L. Div., Box 266. 


Co., 


RED BANK 


GUERRY, William A., American Pipe & Con- 
struction Co., New York, N. Y. For mail: 
are A, Warwick Apartments, 42 Pinkney 

oad. 


RIDGEFIELD 


MATHERS, W. D., Aluminum Company of 
America, New York, N. Y. For mail: 643A 
Bruce St. 


RIDGEWOOD 
CARR, Joseph A., Village of Ridgewood, 38 
Oak S 


a t. 
YOUNG, Robert J., Hill Hubbell & Co., Div. of 
General Paint Corp., 642 Spring Ave. 


RIVERSIDE 
FREYNIK, Henry S., The Riverside Metal Co. 


ROSELLE PARK 


NORTHUP, Maynard S., Standard Oil Develop- 
ment Co., Elizabeth, N. J: For mail: 35 W. 
Roselle Ave. 


SOUTH AMBOY 

LIESENBEIN, Robert P., National Lead Co., 
Titanium Div., Box 58. 

TRENTON 


SUVERKROP, E. A., John A. Roebling’s Sons 
Co., 640 S. Broad St. 


NEW YORK 


UNION 


DOUGHTY, E., Carpenter Steel Co., 
Alloy Tube Div., Springfield Rd. 

MORRISON, Barclay, The Carpenter Steel Co., 
Springfield Rd. 


WEEHAWKEN 

ALFKE, C. J., Hackensack Water Co., 4100 
Park Ave. 

ENGLEWOOD 

MILLER, M. C., Ebasco Services, Inc., New 


York, N. Y. For mail: 1142 Emerson Ave. 


WESTFIELD 


PITTMAN, Charles U., Koppers Co. 
THORNHILL, W. H. T., Wailes Dove-Hermis- 
ton Div., Koppers Co., Box 390. 


NEW MEXICO 


ALBUQUERQUE 

RUSSELL, John C., United Gas Pipe Line Co., 
Shreveport, La. For mail: 410 S. Princeton. 

CARLSBAD 

DOUGLASS, E. W., Potash Company of Amer- 


ica, Box 31. 
HOLT, James B., Minerals & 


Chemical Corp. 
SMITH, Randal E., Potash Company of America, 
Box 31. 


FARMINGTON 
WILSON, T. A., Southern Union Gas Co., Box 
337. 


JAL 
ZUEFELDT, Roy H., The Texas Co., Box 903* 


International 


LOS ALAMOS 


WABER, James Thomas, Los Alamos Scientific 
Laboratories, Box 1663. 


NEW YORK 


BRIARCLIFF MANOR 


DEUBER, Carl G., Centro Research Labora- 
tories, Inc., Sleepy Hollow Rd. 


BROOKLYN 


BERMANN, Morton, Brooklyn Union Gas Co., 
197 St. James Place. 

CAMERON, William B., Brooklyn Union Gas 
Co., 176 Remsen St. 

CHRIST, George J., New York Telephone Co., 
101 Willoughby. 

DIEHLMAN, George, Research Laboratories, Na- 
tional Lead Co., 105 York St. 
EICKHOFF, Arnold J., National Lead Co., Re- 
search Laboratories, 105 York St. 
HALE, William L., The Debevoise Co., 968 
Grand St. 

HAWKE, David L., National Lead Co., Research 
Labs., 105 York St. 

MOORE, Roy W., Socony-Vacuum Oil Company 
Labs., 412 Greenpoint Ave. 

PAIGE, Henry, 576 E. 91st St.* 

RUFFING, Frank M., Magnode Products Co., 
Inc., 139 Banker St. 

STIVALE, Joseph J., Brooklyn Varnish Manu- 
facturing Co., Inc., 50 Jay St. 

THOMPSON, Charles H., New York Telephone 
Co., 101 Willoughby St. 

WILKINSON, Horatio L., 
968 Grand St. 


The Debevoise Co., 


BUFFALO 


BIONDOLILLO, Sando, Bell Aircraft Corp., 411 
Baynes. 

CHANDLER, John W., Nukem Products Corp., 
111 Colgate Ave. 

DuBOIS, Carlton H., Socony-Vacuum Oil Co., 
Inc., 503 Elk St. 

KAUFMANN, D. W., International Salt Co., 
Ine., Marine Trust Bldg. 

NEUHAUS, Richard, Nukem Products Corp. 

NICHOLSON, C. T., Buffalo Niagara Electric 
Corp., Office Library, Electric Bldg. 

SMITH, Walter R., Nukem Products Corp., 111 
Colgate Ave. 

CORNING 


RIGG, Richard W., Corning Glass Works. 


DOBBS FERRY 
TRUEBLOOD, Howard M., 96 Bellair Drive. 


FLUSHING 

McCULLOUGH, Harold M., Sylvania Electric 
Products, 149-49 22nd Ave.* 

GARDEN CITY 


DAVIDSON, James L., Jr., Long Island Light- 
ing Co., Oxford Bldg. 


| nue L & Herbert St. 
SUDRABIN, Leon P., Electro Rust-Proofing 
ESL 
tay 
| 
| 
| 


NEW YORK 

HEMPSTEAD 

WEEDE, J. D., Standard Oil Development Co., 
New York, 'N. Y. For mail: 57 Oakland St. 

HICKSVILLE 


YAHNKER, W. F., The Glasfloss Corp., New 
South Rd 


LOCKPORT 


WALKER, Hiram, Harrison Radiator Div., Gen- 
eral Motors Corp. 


LONG ISLAND CITY 


BARNES, Frank H., The Patterson-Sargent Co., 
49-20 Van Dam ‘st. 

FRIEDMAN, Charies, Paragon Paint & Varnish 
Corp., 5-49 46 Ave. 

GRAVES, Colburn R., Long Island Lighting 
Co., Stewart Ave., Garden City. 

GRAY, A. E., Pipe Protection Service, Inc., 2616 
Skillman "Ave. 

HALL, Kenneth G., Pipe Protection 
Inc., 2616 Skillman Ave. 

McWATERS, Raymond J., Metallizing Engineer- 
ing Co., Inc., 38-14 30th St. 

SHEPARD, Arthur P., Metallizing Engineering 
Co., 38-14 30th St. 

STAITI, J. J., General Chemical Div., Allied 
Chemical & Dye Corp., Box 149. 

STERNE, Cecil M., Metropolitan Refining Co., 
Inc., 50-23 Twenty-third St. 


MT. VERNON 


LATTIN, Benton Calver, 
Co., 9 S. First St. 


NEW YORK 
ALTENBURG, Charles J., Gibbs & Cox, Inc., 21 


West St. 
ANDREW, Harold O., 
Inc., 9 E. 38th St. 
AYRES, Robert Finley, Oakite Products, Inc., 
22 Thames St. 
BAGNELL, William E., Ebasco Services, Inc., 
2 Rector St. 
BAILEY, Clark A., Johns-Manville Sales Corp., 


Service, 


Westchester Lighting 


Moore-Publishing Co., 


22 E. 40th St. 

BAKER, Ralph D., National Lead Co., 111 
Broadway. 

BALDWIN, L. A., Johns-Manville Sales Corp., 
22 E. 40th St. 


BARRON, Donald W., Albert F. Ganz, Inc., 511 
Fifth Ave. 

BATTLE, Thomas J., Koppers Co., Inc., New 
York, "'N. Y. For mail: 629 W. 115th St. 
BEBBINGTON, Marguerite, International Nickel 

Co., Ine., 67 Wall St. 
BECKER, Wm. D., Burns & Roe, Inc., 233 
Broadway. 
BENNETT, A. T., 
60 East 42nd St. 
BOYD, George E., Koppers Co., Inc., 350 Fifth 


Mathieson Chemical Corp., 


Ave. 

BREMER, Clarence, Oakite Products, Inc., 22 
Thames St. 
BRITTON, H. B., 

25 W. 45th St. 
BUCHANAN, Walter A., Burns & Roe, Inc., 
233 Broadway. 


Middle East Pipe Line Co., 


CARR, Reid L., Columbian Carbon Co., 41 
E. 42nd St. 

COLE, Frank H., Walworth Co., 60 East 42nd 
Street. 

COLLINS, Walter F., New York Central Rail- 
road Co., 466 Lexington Ave. 


50 W. 50th 
Barrett Div., Allied Chemical 


t. 
COWART, C., 


F., Shell Oil Co., Inc., 


& Dye Corp., 40 Rector St. 

COYLE, T. G., United Chromium, Inc., 51 E. 
42nd St. 

CROSBY, William L., Consolidated Edison 
Company of New York, Inc., 708 Ist Ave. 


DANTZ, Thmoas M., The Ruberoid Co., 500 


ey *., Columbia Engineering Corp., 
120 E. 41st St. 
DEVOLUY. Raymond, C. A. Woolsey Paint & 


Color Co., Inc., 229 E. 42nd St. 
DEWEY, Wm. S., New York Telephone Co., 140 


West St. 
DICKINSON, L. R., Socony-Vacuum Oil Co., 
Inc., 26 Broadway. 
DONOVAN, Lewis B., Consolidated Edison Com- 
pany of New York, Inc., 4 Irving Place. 
EVERETT, Ralph H., M. J. Merkin Paint Co., 
Inc., 1441 Broadway. 

FARKAS, Howard, The U. S. Stoneware Co., 
60 KE. 42nd St. 

FELLER, Eugene W. F., McGraw-Hill Publish- 
ing Co., 330 W. 42nd St. 

FETTER, Edmond C., Chemical 
330 W. 42nd St. 

FLENTJE, Martin E., American Water Works 
Co., 50 Broad St. 

FOSTER, Albert C., Standard Brands, Inc., 595 
Madison Ave. 

FRIEND, W. Z., 
67 Wall St. 


Engineering, 


International Nickel Co., Inc., 


FRIZ, Nelson, Esso Standard Oil Co., 15 W. 
St. 

GEHLEN, Carl, Carlson Painting Co., 50 
Church St. 


GERMAN, Alfred, 
Chrysler Bldg. 

GOLDSBY, Fred L., Chicago Bridge & Iron Co., 
165 Broadway. 


Scovill Manufacturing Co., 
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GORMAN, L. J., Consolidated Edison Company 
of New York, 4 Irving Place. 
GOUDIELOCK, William B. O’Brien, Phelps- 
Dodge Copper Products Corp., 40 Wall St. 

GRAHAM, S. B., American Telephone & Tele- 
graph Co., 195 Broadway. 

GRUBER, K. A., Fireproofing Corp. 
of New York, 508 E. 117 St. 

HAMLIN, Arthur W., Ebasco Services, 
2 Rector St. 

HEALEY, Edward Lewis, California Texas Oil 
Co., Ltd., 551 Fifth Ave. 

HELMBRECHT, A. J., The Buckeye Pipe Line 
Co., 30 Broad St. 

HENDERSON, Walter A., New York Telephone 
Co., 140 West St. 

L. F., Ebasco Services, Inc., 2 
ect 

HUNTLEY, Harold R., American Telephone & 
Telegraph Co., 195 "Broadway. 

JACKSON, B. R., Anglo-Iranian Oil Company, 
Ltd., 610 Fifth Ave. 

JOHNSON, Russell K., Darling Valve & Man- 
ufacturing Co., 70 Pine St. 

JOHNSTON, Howard E., Dearborn Chemical 
Co., 205 E. 42nd St. 

JORDAN, Harry E., American Water Works 
Association, 500 Fifth Ave. 

KLEIN, Fred. M., Maurice A. Knight Co., 55 
W. 42nd St. 

KNOWLTON, A. E., Electrical World, 330 W. 
42nd St. 

KOESTER, H. F., Consolidated Edison Company 
of New York, Inc., 708 First Ave. 

KOPITA, Robert, Peabody Engineering Corp., 
580 Fifth Ave. 

KRUEGER, Forrest J., National Aniline Div., 
Allied Chemical & Dye Corp., 40 Rector St. 

KULMAN, Frank E., Consolidated Edison Com- 
pany of New York, Inc., 4 Irving Place. 

LAIN, George D., American Iron & Steel Insti- 
tute, 350 Fifth Ave. 

LANG, Franklin, Feedwaters, Inc., 140 Cedar St. 

LaQUE, F. L., International Nickel Co., Inc., 
67 Wall St. 

LEHMANN, Joseph A., Ebasco Services Inc., 
2 Rector St. 

LOPEZ, Eugene R., Barrett Division, Allied 
Chemical & Dye Corp., 40 Rector St. 

MacADAM, Walter K., American Telephone & 
Telegraph Co., 195 Broadway. 

MAITLAND, T. J., American Telephone & Tele- 
graph Co., 32 Sixth Ave. 

MARSHALL, Dwight, St. Joseph Lead Co., 250 
Park Ave. 

MASON, John F., Jr., 
Inc., 67 Wall St. 

MASTROBERTE, Joseph, Otis 
260 llth Ave. 

MAY, Thomas P., 
7 Wali St. 

MEIER, A. O., 
50th St. 

a John L., Ebasco Services, Inc., 2 Rector 


MONTEL, Joseph L., Water Service Labora- 
tories, Inc., 423 W. 126th St. 

MORSE, Robert E., American Gas & Electric 
Service Corp., 30 Church St. 

MORTON, Byron B., International Nickel Co., 
Inc., 67 Wall St. 
MULLER, Herman, Jr., New York & 1. 
zas Co., 691 Bay St., Stapleton, S. I. 
NEHER, Frank H., The Flintkote Co., 30 he: 
feller Plaza. 

NOLAN, Vincent J., National Carbon Co., 30 
E. 42nd St. 

NOPPEL, E. P., Ebasco Services, Inc., 


St. 
O’KEEFE, John F., 


Inc., 


International Nickel Co., 
Elevator Co., 
International Nickel Co., Inc., 


Shell Oil Co., Inc., 50 West 


2 Rector 
Reynolds Metals Co., 19 E. 


47th St. 

PERKINS, Wendell L., Ebasco Services, Inc., 2 
Rector St. 

PETERS, Fred P., Reinhold Publishing Corp., 
330 W. 42nd St. 


PIRSH, Edward A., 
85 Liberty. 

PLACE, George W., American Bureau of Ship- 
ping, 45 Broad St. 

PLOG, Charles B., Standard-Vacuum Oil Co., 
42 Broadway. 

POPE, Robert, Bell Telephone Laboratories, 463 
West St. 

PRIESTLEY, Henry L., 
Co., 30 E. 42nd St. 

RHODES, George I., Ford, Bacon & Davis, Inc., 
39 Broadway. 

RIDDICK, Thomas M., Consulting Engineer & 
Chemist, 369 E. 149th St. 

RINEHART, Evan, Johns-Manville, 22 E. 40th 


St. 
RIPPIE, Charles W., 
Church St. 
ROBBINS, John T., Peter A. Frasse & Co., Inc., 
17 Grand St. 

ROLL, Kempton H., Lead Industries Associa- 
tion, 420 Lexington Ave. 

SAMPLE, Clarence H., International Nickel Co., 
Ine., 67 Wall St. 

SANDS, George A., Union Carbide & Carbon 
Corp., 30 E. 42nd St. 

SCAROLA, V. J., Tapecoat Co., 489 Fifth Ave. 


Babcock & Wilcox Co., 


Electro Metallurgical 


Lukens Steel Co., 50 


SCHOFER, Nathan, Ebasco Services, Ince., 
2 Rector St. 

SHAW, A. G., Ebasco Services, Inc., 2 Recto.r 
Street. 


SHULDENER, Henry L., Water Service Labo- 
ratories, 423 W. 126th St. 

SKINNER, Edmond N.. Jr., International Nickel 
Co., Inc., 67 Wall St. 4 


NEW 


SMITH, Bartlett J., The 
TH, Sydney S., Shell Oil Company, 
St. 
SNELL, Clark A., Nicholson Galloway, Ine, 
426-28 110th St. 
STANDRING, J. M., American Telephone & Te, 
egraph Co., 195 "Broadway. 

STEWART, Alex, Research Laboratories, Ne 
tional Lead Co., 111 Broadway. 

STEWART, Edwin L., Standard Oil Company of 
New Jersey, Rockefeller Plaza 

STUART, Linden, Jr., The Barrett Div, 
Chemical & Dye Corp., 40 Rector St, 

TAYLOR, Thomas A., American Telephone 
Telegraph 195 Broadway. 

TEEPLE, H. O., International Nickel Co., Ine, 
Wall 

THALMANN, E. H., Ebasco Services, Inc, 2 
Rector St. 

THOMAS, Paul D., Asiatic Petroleum Co., Me 
terials Dept., 50 W. 50th St. 

THOMPSON, D. B., The New York Centra! 
Railroad Co., 466. Lexington Ave. 

TIBBETTS, E. F., The Lummus Co., 420 Lex. 
ington Ave. 

TICE, E. Allen, International Nickel .Co., §7 
Wall St. 

TOUR, eee Sam Tour & Co., Inc., 44 Trinity 


Plac 

VAN HOUTEN, Leslie P., American Telephone 
& Telegraph Co., 100 William St. 

VANICK, James 
67 Wall St. 

VAN VLIET, R., New York & Richmond Gas 
Co., 691 Bay St. 

WAHLQUIST, W., Services, 
Rector St. 


Debevoise 


International Nickel 


WALCZAK, M. R., Barrett Div., Allied Chemica | 


& Dye Corp., 40 Rector St. 
WALLNAU, Carl N., Jr., Standard Oil Company 
of New Jersey, 30 Rockefeller Plaza. 
WHITING, L. R., Bakelite Corp., 30 E. 42nd &. 


NIAGARA FALLS 


BINDER, William O., Union Carbide & Carbon 
Research Laboratories, 4625 Royal Ave. 
HINCKLEY, Arthur T., Oldbury Electro Chemi- 
eal Co., 5001 Buffalo Ave. 
SHAW, William E., National (o. 
Titanium Alloy Mfg. Div., Box C, Bridge 
Station. 

SHIELDS, James E., Alox Corp., 3943 Buffalo 
Ave 

THORNBERG, Joseph E., Hooker Electrochemi- 
cal Co., 47th St. & Buffalo Ave. 

VAN HORNE, Roger H., General Abrasive (Co, 
Bridge Station, Drawer D. 


NORTH TONAWANDA 


SEARER, Jay. C., Durez Plastics & Chemicals, 
Inc., Walck Road. 


OLEAN 


HUTCHCRAFT, D. K., Clark Bros. Co., Ine. 
Fifth & Lincoln Sts. 

PYLES, Russell, Van der Horst Corporation of 
America, Box 557. 

VAN DER HORST, Hendrik, Van der Horst 
Corporation of America, Box 557. 


ROCHESTER 


BRANSON, Edward H., General Railway Signal 
Co., 801 West Ave. 

COX, Gilbert L., International Nickel Co., Inc, 
45 Exchange St. 

CROFTS, E. R., Rochester Gas & Electric Corp. 
89 East Ave. 

EAST, Leo H., Rochester Gas & Electric Corp, 
89 East Ave. 

KRUGER, R. E., Rochester Gas & Electric Corp. 
89 East Ave. 

MacCOLLUM, Donald R., Rochester Gas & Ele 
tric Corp., 89 East Ave. d 

McCANN, Sidney W., The Pfaudler Co., (il 
West Ave. 


McCUMBER, Ralph H., Rochester Gas & Electric 


Corp., 89 East Ave. s 
SHNIDMAN, Louis, Rochester Gas & Electrit 
Corp., 89 East Ave. 


TEMMERMAN, John A., City Rochester, 


Court St. 


ROME 
LYNES, Wilson, Revere Copper & Brass, Inc. 


SCHENECTADY 


LIEBHAFSKY, Herman A., General 
o., Research Laboratory. 


MENGEL, Arthur C., American Locomotive ©: 


N. Jay St. 
WIRENE, W. A., General Electric Co., 1 Rive 
Road. 


SPRING VALLEY 


SEIFRIED, Dean B., 
Lawrence St. 


Rockland Gas Co., Ine. 4 


STATEN ISLAND 


ROBSON, Arthur D., Toch Brothers, Inc., 
Richmond Terrace. 

TEAHAN, James T., New York 
Gas Co., 2071 Clove Rd. Grasmere. 
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new YORK 


JAMES, Paul San-Equip, Brighton 


en Ave. 
Frederic C., Allied Chemical Dye 
Corp., Solvay Process Div. 
KELLOGG, Lucius Andrew, Central New York 
Power Corp., 300 Erie Blvd E. 


WATERTOWN 


MAS, Beaumont, Stebbins Engineering and 
natecturing Co., Eastern Blvd. 


NORTH CAROLINA 


ASHEVILLE 


OBB, Stephen P., Consulting Gas Engineer, 
. 1 Country Club Rd. 


CHARLOTTE 
IOLD, Wylie H., American Telephone & 

Tb Co., 208 N. Caldwell. 

BURNETT, William C., Southern Bell Telephone 
& Telegraph Co., Box 240. 

NOREEN, Olaf S., Manufacturers Agent, 1538 
Scotland Ave. 


CONCORD 
SILLS, T. O., Sr., Cannon Mills Co. 


TARBORO 


LAWRENCE, R. E., Jr., Carolina Telephone 
& Telegraph Co., 122 E. St. James St. 


OHIO 
AKRON 


FUNK, F. W., Ohio Edison Co., 47 N. Main St. 

NERHOOD, H. Elmer, Ohio Edison Co., 325 E. 
North St. 

SIDDALL, D. F., The U. S. Stoneware Co., Box 
350. 


ALLIANCE 


ENGLE, J. Preston, Babcock and Wilcox Re- 
search and Development Dept., Harrisburg 
and Sawburg Rds. 

PHILLIPS, James H., Babcock & Wilcox Co., 
Harrisburg and Sawburg Rrs. 

SNYDER, Fred B., Research & Development 

. Dept., Babeock & Wilcox, Harrisburg & 
Sawbure. 


BARBERTON 


BRONSTEIN, Emanuel H., The Ric-Wil Co. 

GEGNER, Paul J., Pittsburgh Plate Glass Co., 

WARNER, Eugene C., Akron Sand Blast Co., 
50 E. Springfield Rr. 


CANTON 


CLARK, Claude L., Timken Roller Bearing Co., 
Steel & Tube Div. 


CHILLICOTHE 


PRINGLE, George H., The 
Paint St. 


Mead Corp., S. 


CINCINNATI 


FASOLD, Arthur, The Philip Carey Mfg. Co., 
Wayne Ave., Lockland. 

FRANEK, John A., 820 Ludlow Ave.* 

GOETZ, Alvin C., Eagle-Picher Company, Amer- 
iean Bldg. 

LEDERER, Lewis M., Inner-Tank Lining Corp., 
1097 Wade St. 

LINEBACK, George A., Cincinnati 
Electric Co., Fourth and Plum Sts. 

MALCOM, V., The Philip Carey Mfg. Co., 
Lockland. 

McDUFFIE, Roy O., University of Cincinnati. 

NUEZEL, E. F., Cincinnati Gas & Electric Co., 
323 Plum St. 

PAUL, Robert J., Emery Industries, Inc., June 
and Long Sts. 

PFEIFFER, Milton J., The Cincinnati Gas & 
Electric Co., Box 960. 

B., Western Union Telegraph 
Co., Dixie Terminal Bldg., South. 

SCHREINER, William J., Cincinnati Gas & 
Electric Co., 323 Plum St. 

SHARPNACK, E. V., Reynolds 

: 2535 Gilbert Ave. 

SHORT, Howard E., Cincinnati Milling Ma- 
chine Co., Cimeool Div., Marburg Ave. 

Boris, The Texo Corp., Dana and Floral 


Gas & 


Metals Co., 


CLEVELAND 


BALL, Charles I., The 
(Ohio), 2735 Broadway. 

BARNES, R. Y., Aluminum Company of Amer- 

. lea, 2210 Harvard Ave. 

IXBY, Willard F., Goodrich Chemical 
Co., Rose Bldg. 


Standard Oil Co., 
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BOWEN, Milton M., Hill-Hubbell Div., General 
Paint Corp., 3091 Mayfield Rd. 

BROWN, Hugh E., The W. S. Tyler Co., 3615 
Superior Ave. 

CARSON, John H., The East Ohio Gas Co., 1405 
E. Sixth St. 

CAYFORD, James M., Glascote Products, Inc., 
20900 St. Clair Ave. 

CONNELLY, D. J., Williams & Co., Ine., 3700 
Perkins Ave. 

CRAVER, Albert F., The Cleveland Heater Co., 
2310 Superior Ave. 

DAVIS, L. W., Aluminum Company of Amer- 
ica, 2210 Harvard Ave 

DETRICK, Charles N., Williams & Co., Inc., 
3700 Perkins Ave. 
DUNASKY, C. F., The Harshaw Chemical Co., 
1945 E. 97th St. 
DYBLE, Edward, Cleveland Diesel Eng. Div., 
General Motors Corp., 2160 W. 106th St. 
FEBREY, H. H., American Steel & Wire Co., 
Union Commerce Bldg. 

FERGUS, D. J., Cleveland Heater Co., 2310 Su- 
perior Ave. 

FLOCKE, Frank G., The Thornton Co., 
Morgan Ave. 

GALLOWAY, Joseph F., Tile-Tite Corp., 
tional City Bank Bldg. 

GOSNELL, Everett C., The Colonial Iron Works 
Co., 17643 St. Clair Ave. 

HEATH, John R., The Cleveland Electric 
Illuminating Co., 75 Public Square. 

HEIL, Carl E., Heil Process Equipment Corp., 
12901 Elmwood Ave. 

HORVATH, Louis, The Ohio Bell Telephone Co., 
820 W. Superior Ave. 

HOSFORD, Harry W., Harco Corp., 2156 E. 
Fourth St. 

HOXENG, Raymond B., Case Institute of Tech- 
nology, University Circle. 

JENNER, William C., Reliance Electric & Eng. 
Co., Inc., 1088 Ivanhoe Rd. 

KERNS, Everette E., Standard Oil Company of 
Ohio, Midland Bldg. 

LEONHARD, Frederick J., The Cleveland 
Electric Illuminating Co., 75 Public Square. 

LIPPENBERGER, D. V., Aluminum Company 
of America, 2210 Harvard St. 

LOUCKS, Charles M., Dowell Ine., 
Tower Bldg. 

McINTYRE, G. H., Ferro Enamel Corp., 4150 E. 
56th St. 

MILLS, Lester D., Jr., Standard Oil Company 
of Ohio, Midland Bldg. 

OLIVER, J. Paul, Box 6087. 

PALMQUIST, W. W., National 
Inc., Box 6087. 

PENSKE, J. H., Jr., Williams & Co., Inc., 3700 
Perkins Ave. 

PETERS, E. Donald, Colonial Iron Works Co., 
17643 St. Clair Ave. . 

POKORNY, Jerome J., The Cleveland Electric 
Illuminating Co., 75 Public Square. 

PRESCOTT, Joseph, Cleveland Electric Ilumi- 
nating Co., 75 Public Square. 

PROCTER, Bryant S., Jr., The H. M. Harper 
Co., 17600 Detroit Ave. 

RICKSECKER, Ralph E., Chase Brass Copper 
Co., Inc., 1155 Babbitt Rd. 

SCANLON, D. A., American Steel & Wire Co., 
Union Commerce Bldg. 

SEAL, Reed E., Electric Railway Improvement 
Co., 2070 E. 61st Place. 

SEIDMAN, Stanley M., Ohio 


6901 
Na- 


Terminal 


Carbon Co., 


Bell Telephone 


Co., 820 Superior N. W. 

SEVERANCE, Wesley A., The Ceilcote Co., 
Rockefeller Bidg. 

SMITH, William E., Jr., The Ceileote Co., 
Rockefeller Bldg. 

SPAHR, C. E., Sohio Pipe Line Co., Midland 


Bldg. 

THORNTON, J. A., Jr., The Cleveland Tool & 
Supply Co., 1427 W. Sixth St. 

VANDAVEER, F. E., The East Ohio Gas Co., 
1405 E. Sixth St. 

VEREEKE, Edwin Wm., Heil Process Equipment 
Corp., 12901 Elmwood Ave. 

WARNER, Clarence J., The Colonial 
Works Co., 17643 St. Clair Ave. 

WEAST, Robert C., Case Institute of Technology, 
10900 Euclid Ave. 

WERTZ, Cyril J., The Cleveland Union Ter- 
minals Co., 1016 Rushleigh Rd. 

WILSON, D. W., Arthur G. McKee & Co., 2300 
Chester Ave. 

ZORKO, Frank Anton V., Ohio State Univer- 
sity, Columbus, Ohio. For mail: 848 E. 155th 
St.* 


Iron 


COLUMBUS 


BECK, Franklin H., Ohio State University, En- 
gineering Experiment Sta.* 

BEITLER, Gerald S., The Ohio Fuel Gas Co., 
99 N. Front St. 
FINK, Frederick W., 

tute, 505 King Ave. 

FONTANA, M. G.. Ohio State University, Dept. 
of Metallurgy, 100 Lord Hall. 

HERNDON, L. Kermit, Ohio State University, 
Columbus, Ohio. For mail: 2303 Omandaga 
Drive. 

JACKSON, J. Harry, Battelle Memorial Inst., 
505 King Ave. 


Battelle Memorial Insti- 


OHIO 


KRETSCHMER, William J., Columbia Engineer- 
ing Corp., Columbus, Ohio. For mail: 3140 
Indianola Ave. 

PRAY, H. A., Battelle Memorial Institute, 505 
King Ave. 

RIDDLE, H. S., Columbia Engineering Corp., 
99 N. Front. 

SANTSCHI, William Henry, Dept. of Metal- 
lurgy, Ohio State University.* 

——— Chester T., 1490 Arlington Ave., Marble 


Cliff. 
STREIT, Frank H., Columbus & Southern Ohio 
Electric Co., 215 N. Front St. 
= Chin What, International House, 104 15th 
ve. 


WATTS, Admiral A., Engineering Experiment 
Station, Ohio State University.* 


DAYTON 


BAKER, G. 
1019. 
a A., The Duriron Co., Inc., Box 


A., The Duriron Co., Ine., Box 


MICHAEL, Lewis E., Wright Field, 
Dayton, Ohio. For mail: 31 S. Willow Grove 


Ave. 
STEPHENSON, R. B., Dayton Power & Light 
Co., 25 N. Main St. 


ELYRIA 


MATTHEWS, Norman A., American Brake Shoe 
Alloys Div., Taylor St. & Abbe 
oad. 


FINDLAY 
SLOUGH, Ralph M., The Ohio Oil Co., 539 


Main St. 
SOWARDS, George, The Ohio Oil Co., 539 S. 
Main St. 


HAMILTON 


PLOEDERL, F. J., Cyclic Chemical Co., Per- 
molite Div., North Fifth and Ford Blvd. 
SHELEY, John D., The Black-Clawson Co., 

corner Second & Vine Sts. 


HUDSON 


FLOOD, Earl F., The Flood Co., Hudson, Ohio. 
For mail: RD 2. 

LAKEWOOD 

DAUGHERTY, M. W., Aluminum Company of 
_America, 1239 Overlook Rd. 

NEWTON, William E., Cleveland Diesel Engine 
Div., GMC, Cleveland, Ohio. For mail: 2174 
Chesterland Ave. 


SANDEL, Waiter J., Coatings for Industry, Inc., 
1242 Hall Ave. 


LIMA 

MOFFETT, J. L., Pipe Line Dept., Ohio Oil 
Co., Box 719. 

LONDON 


ST. CLAIR, John C., Route 2. 


LORAIN 


WAGNER, Frank W., National Tube Co., 
Lorain Wks., Pearl Ave. & 28th St. 


MANSFIELD 


KAUFMAN, L. W., Westinghouse 
Corp., 200 E. Fourth St. 


MARION 


FELDMAN, Karl T., Sinclair Refining 
Prod. Pipe Line, 139 N. State St. 
WALKER, James D., Sinclair Refining 
Products Pipe Line, 139 N. State St. 


Electric 


Co., 
Co., 


MASSILLON 


RIEGEL, G. M., Republic Steel Corp., 
lurgical Laboratory. 


Metal- 


MIDDLETOWN 


BEAM, Russell C., Armco 
Products, Ine. 

BEDFORD, Gordon T., Armeo Steel 
Market Development Div. 

ELLIS, O. B., Armco Steel 
Laboratories. 

HALBIG, John J., Armco Steel Corp., Research 
Laboratory. 

THOMAS, Arba H., Armco Steel Corp., 
Curtis. 


Drainage & Metal 
Corp., 


Corp., Research 


703 


NEWARK 


HARRISON, James 
Box 951. 

HUNTER, Wesley 
Refinery* 


R., The Pure Oil Co., 


L., Pure Oil Co., Heath 


PAINESVILLE 


CAMPBELL, C. Langdon, Diamond Alkali Co. 

GREENE, U. T., Diamond Alkali Co., Box 699. 

McILRATH, Samuel W., Diamond Alkali Co., 
Fairport, Ohio. For mail: 715 Lucille Ave. 


| 
| 
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SHAKER HEIGHTS 


RASK, Morris L., Aluminum Co. of America, 
Cleveland, Ohio. For mail: 2895 Weymouth 
Rd. 


TOLEDO 


DALE, Dudley R., The S. M. Jones Co., 624 
Segur Ave. 

HOWARD, Owen G., Sun Oil Co., Laboratory, 
Woodville St. 

JENSEN, M. G., Owens-Corning Fiberglas Corp., 
Corrosion Products Sales. 


WATERVILLE 
CAPAUL, R. W., Glass Fibers, Inc. 


WORTHINGTON 


GARD, Charles M., Alden E. Stilson & Asso- 
os Columbus, Ohio. For mail: 391 Park 


YOUNGSTOWN 

FETTERS, Karl L., The Youngstown Sheet & 
Tube Co., Stambaugh Bldg. 

FLICKINGER, L. C., The Youngstown Sheet & 
Tube Co., Campbell Works. 


REINHARDT, G. A., Youngstown Sheet & Tube 
Co. 


OKLAHOMA 
BARTLESVILLE 


BRIGGS, Clay, Empire Pipeline Co. 
BRYAN, iy H. C. Price Co., Box 1111. 
DEWAR, J. H. C. Price Co., Box 1111. 
EILERTS, co ‘Kenneth, Bureau of Mines. 
FLEMING, M. C., Phillips Petroleum Co. 
HART, James L., National Zine Co., Ine. 
HOLMBERG, M. E., Phillips Petroleum Co. 
HUDDLESTON, Wm. E., Huddleston Engineer- 
ing Co., Box 998. 
HUGO, L. A., Phillips Petroleum Company. 
PRANGE, Frederick A., Phillips Petroleum Co. 
— I. B., Phillips Petroleum Co., Drawer 
3. 


CUSHING 

BRALLEY, J. C., Shell Pipe Line Corp., Box 
831. 

NELSON, Loyd B., Shell Pipe Line Corp., Box 
783 

CYRIL 


FRYER, Carl V., Anderson Prichard Oil Corp., 
Research & Development Div. 


ENID 

Guy S., Champlin Refining Co., 
30x 552. 

WILMOTH, E. G., Champlin Refining Co., Box 


552. 


NORMAN 


CHATENEVER, Alfred, University of Okla- 
homa, Faculty Exchange Box 77. 


OKLAHOMA CITY 


BAIRD, Geo. H., Cities Service Gas Co., First 
National Bldg. 

CARMICHAEL, Miles, Cathodic Servicing Co., 
1024 N. Olie. 

COURSEY, Ralph W., Oklahoma Gas & Electric 
Co., 321 N. Harvey St. 

oe, Vernon D., Tuboscope Company, 2629 

N. W. 37th St. 

KOPP, C. H., Peppers Refining Co., S. E. 12th 
& High Sts. 

LIMA, D. O., Oklahoma Gas & Electric Co., 
Box 1498. 

MEIGS, W. H., Phillips Petroleum Co., Okla- 
homa City, Okla. For mail: 2752 N. W. 21. 

RISELING, T. M., Cathodic Servicing Co., 1024 
N. Olie St. 

VAN VALKENBURG, Jack, Cathodic Servicing 
Co., 1024 N. Olie. 

WALLACE, William P., Kobe, Inc., 3520 N. W. 
24th St. 


PAULS VALLEY 

BOOK, C. C., Republic Natural Gas Co., 113 
Willow St. 

PONCA CITY 

T. N., Continental Oil Co., Box 

SECREST, Leslie C., Continental Pipe Line Co. 


~— D. A., Continental Oil Co.; Production 
uab. 


WILKINSON, A. C., Continental Oil Co., 1000 
S. Pine. 


SHAWNEE 
MUNNEKE, 
TALLANT 


LEMBCKE, Richard E., Cities Service Oil Co., 
Chemical Research Div. 


Stanolind Pipe Line Co. 


TULSA 


AUDE, T. R., Stanolind Pipe Line Co., Box 1979 
AUSTIN, Raymond A., Southwestern Bell Tele- 
phone Co., 220 S. Owasso. 
AVEY, Dan M., Alox Sales Co., 2547 E. Admiral 
Place, Tulsa, Okla. For mail: Box 1914. 
BALL, James F., Owens-Corning Fiberglas 
Corp., Mayo Bldg. 

BARDSLEY, Bo, Crutcher-Rolfs-Cummings, Box 
2398. 

BARRETT, Jack P., Stanolind Oil & Gas Co., 
1136 N. Lewis St. 

BARTOLINA, Edward A., Moorlane Co., Box 
1679. 

BEHRENFELD, T. J., Perrault Brothers, Inc., 
1130 N. Boston St. 

BLAIR, John V., Sinclair Prairie Oil Co., Ok- 
lahoma City, Okla. For mail: Albany Hotel. 

BOSLEY, Samuel E., Owens-Corning Fiberglas 
Corp., Mayo Bldg. 

BOSSARD, Leroy T., Stanolind Oil & Gas Co., 
Box 591. 

BOST, Armon H., Midwestern Engine & Equip- 
ment Co., Inc., 105 North Boulder. 

BRADY, Hugh A., Gulf Refining Co., First Na- 
tional Bank Bldg. 

BROOKS, Richard H., Jr., Enardo Mfg. Co., 
2729 Sand Springs Rd. 

BROWN, Vern B., Perrault Brothers, Inc., 1130 
N. Boston. 

BRUNKOW, Ivan L., Tulsa Pipe Coating Co., 
515 Palace Bldg. 

BULLOCK, Robert L., Interstate Oil Pipe Line 
Co., Box 1349. 

CALLAHAN, Melvin C., Gulf Refining Co., 
— Pipe Line Div., First National Bank 

ee Paul H., Dowell Inc., 524 Kennedy 

CASE, L. C., Gulf Oil Corp., Tulsa, Okla. For 
mail: 206 Sunset Dr. 

CECIL, Lawrence K., 
Bldg. 

CLARK, Joseph. B., Stanolind Oil & Gas Co., 
Box 591. 

CLEARY, John W., 
N. Boston St. 

CLONINGER, Fred M., The Texas Pipe Line Co., 
Tulsa, Okla. For mail: 24384 E. Eighth St. 

CLOUD, C. E., Oklahoma Natural Gas Co., 
Box 871. 

CONDRY, James T., Stanolind Pipe Line Co., 
Box 1979. 

acs a Herbert M., Bethlehem Steel Co., Box 

COWLES, James R., Oklahoma Natural Gas Co., 
624 S. Boston St. 

CURRAN, Michael, M. J. Crose Manufacturing 


Infileo Inec., Kennedy 


Perrault Bros., Inc., 1130 


Co., Ine., 2715 Dawson Rd. 

ELDER, John W., John W. Elder Co., Thompson 
Bldg. 

ELLISTON, H. H., Sinclair Prairie Oil Co., 
Box 521. 


EWING, Scott P., Research Laboratories, Carter 
Oil Co., Box 801. 

FLETCHER, Frederic H., Middle West Coating 
& Supply, Daniel Bldg. 

FORSMAN, Robert A., Stanolind Oil Purchas- 
ing Co., Stanolind Bldg. 

GARDNER, Franklin T., University of Tulsa. 

GIBBON, Anthony, World Oil, Hunt Bldg. 

GIBBONS, Harry J., Skelly Oil Co., Box 1650. 

GLANDON, G. O., Midwestern Engine & Equip- 
ment Co., Inc., 195 N. Boulder. 

GLASGOW, Clarence O., National Tank Co., Box 
1710. 

GOOD, Donald Blake, Texas Pipe Line Co., 
Box 2420. 

GROOM, C. H., Jr., Dowell, Inc., Kennedy Bldg. 

HAHN, A. H., Crane Co., 623 E. Third St. 

HARRISON, Scott J., Metal Goods Corp., 
Drawer 2519. 

HARVEY, John M., Perrault Bros., Inc. Tulsa, 
Okla. For mail: 1823 S. Carson. 

HIERONYMUS, Frantz M., Barrett Div., Allied 
Chemical & Dye Corp., New York, N. Y. For 
mail: 1829 S. Yorktown. 

HUGHES, H. M., Oklahoma Natural Gas Co. 

HUNTER, J. N., Jr., Stanolind Pipe Line Co., 
Box 1979. 

JACKSON, Maynard H., Middle West Coating 
& Supply, Daniel Bldg. 

JAMES, Jay R., Cathodic Protection Service, 
Houston, Texas. For mail: Thompson Bldg. 

KASTER, J. W., Oklahoma Natural Gas Co., 
624 S. Boston Ave. 

KELLY, R. W., Dearborn Chemical Co., Midco 


Bidg. 

— Gaines, Tulsa Pipe Coating Co., Palace 
Bldg. 

LAVERY, C. A., National Tank Co., Drawer 
1710. 


LIGGETT, Ernest J., Johns-Manville Sales Corp., 
Box 2239. 

LOVELADY, H. A., Standard Pipeprotection, 
Inc., St. Louis, Mo. For mail: 1411 S. 
Winston. 

— Harold W., Barnsdall Oil Co., Box 


MATTHEWS, R. F. 


, Stanolind Oil & Gas Co., 
Oil Capitol 


Bldg. 


MAUNEY, L. M., Warren Petroleum Corp., Na. 
tional Bank of Tulsa Bldg. 

McGILL, Robert L., Perrault Bros., Ine., 113 
N. Boston. 

McNULTY, Frank E., Pittsburgh Coke 
cial Co., Thompson Bldg. 

— Lewis, Petroleum Equipment, Ine., Box 


887. 

MITCHELL, Marvin G., Chicago Bridge 
Co., 1308 Hunt Bldg. 

MOORE, W., Alloy Welding Manufactur. 
ing Co., Inc., Box 121. 

MURREY, "OL E., Midwestern Engine & Equip. 
ment Co., Inc., 105 N. Boulder. 

NICHOLSON, C., Natasco Co., Box 1318, 

NORBERG, A., Nelson Electric 
ing Co., 217 N. Detroit. 

PAGE, Glenn I., Public Service Company 
Oklahoma, Box 201. 

PERRAULT, Lewis, Perrault Brothers, 1130 N, 
Boston. 

PHELPS, Samuel C., Interstate Oil Pipe Line 
Co., Box 1349. 

POLSTON, R., Stanolind Pipe Line Co., Box 


571. 

PYEATT, E., Jr., Mid-Continent Pipe Line 
Co., Box 38 81. 

REED, Paul S., The Oil and Gas Journal, 21) 
Ss. Cheyenne’ Ave. 

ROGERS, John A., Stanolind Oil & Gas Co, 
Box 591. 

SHACKELFORD, Robert E., Perrault Brothers, 
1130 N. Boston. 

SHERIDAN, Richard W., Alloy Welding & 
— Co., Inc., Tuisa Okla. For mail: Box 

weigh V. J., Stanolind Pipe Line Co., Box 

79. 

SMITH, Rex L., Skelly Oil Co., Box 1650. 

STEWART, William Fred, Anode Engineering 
Co., 703 S. Richmond. 

STILGENBAUER, Ned T., T. D. Williamson, 
Inc., 2733 E. Latimer. 

STIRLING, J. C., Stanolind Pipe Line (Co, 
Box 1979. 

STIVERS, F. A., The Texas-Empire Pipe Line 
Co., Box 2420. 

TEXTER, H. G., Spang-Chalfant Div., National 
Supply Co., National Bank of Tulsa Bldg. 
Y. W., Dowell, Inc., Kennedy 

WELLS, J. Donaven, Stanolind Oil & Gas Co, 
Box 591. 
WHEELER, Roger M., 
Corp., 811 S. Boulder. 
— Guy F., Dowell, Inc., Kennedy 
dg. 
WILLIAMSON, T. D., T. D. Williamson, Ine, 
Tulsa, Okla. For mail: Box 4038. 
WILLIAMSON, T. D., Jr., T. D. Williamson, 
Ine., Tulsa, Okla. For mail: Box 4038. 
WILSON, Sam, Maloney-Crawford Tank & 
Mfg. Co., Box 659. 


Pipeline Maintenance 


OREGON 
EUGENE 
VAN RYSSELBERGHE, Pierre, University of 
Oregon. 
PORTLAND 


DeWEESE, R. W., Electric Steel Foundry, 2141 
N. W. 25th Ave. 


GOW, James T., Electric Steel Foundry Co. 
2141 N. W. 25th Ave. 


PENNSYLVANIA 
ALIQUIPPA 


UNDERWOOD, C. F., Jones and _ Laughlin 
Steel Corp. 


ALLENTOWN 


HATFIELD, Homer F., Pennsylvania Power & 
Light Co., Ninth & Hamilton Sts. 


ALLISON PARK 


SHIDELER, Norman T., Pittsburgh Coke & 
Chemical Co., Pittsburgh, Pa. For mail: 
1 Swan Dr., Swan Acres, R.D. 1. 


AMBRIDGE 


STORY, E. B., A. M. Byers Co., Duss Ave. 
TRISHMAN, L. E., The National Supply Co. 
Spang-Chalfant Div. 


APOLLO 
WRIGHT, Emerson H., Box 307, RD-1. 


BALA-CYNWYD 
BENEDICT, Risque L., Smith Co., 
Trevor Lane. 


SMITH, A. V., Consulting Engineer, 370 Trevor 
Lane. 


BEAVER FALLS 


RUTHERFORD, John J. B., The Babcock & 
Wilcox Tube Co., Beaver Falls, Pa. For 
mail: Patterson Heights. 
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gETHLEHEM 
falter, Lehigh University, 
For mail: 1020 North St. 
BERG, 0. E., Bethlehem Steel Co., Bethlehem, 
Penna. For mail: 72 E. Church St. 
FRYE, Seymour Charles, Bethlehem Steel Co., 
HORTON, James B., Bethlehem Steel Co., 701 


S., Bethlehem Steel Co. 


Bethlehem, 


BLAWNOX 
Harold C., Jr., Royston Laboratories, 


irst St. 
John H., Royston Laboratories, Inc., 


98 First St. 
soneTON. Thos. T., Royston Laboratories, Inc., 


198 First St. 
BRACKENRIDGE 


HENKE, Robert H., Allegheny Ludlum Steel 

KIEFER, George C., Allegheny Ludlum Steel 

William G., Allegheny Ludlum Steel 
Corp. 


BRADFORD 

MARX, Paul F., Dresser Manufacturing Division, 
41 Fisher Ave. 

BRIDGEVILLE 


MERRILL, Timothy W., Vanadium Corporation 
f America. 
SCHOR, Milton, A. H. Wirz, Inc., Fourth and 


Townsend. 


COATESVILLE 


JOHNSTON, Glenn E., Lukens Steel Co. 
POWERS, William J., Lukens Steel Co. 
WILLIAMS, Leonard W., Lukens Steel Co. 
WYCHE, Ernest H., Lukens Steel Co. 


CORAOPOLIS 

TATOR, Kenneth, Consulting Engineer, Mon- 
tour Street Extension. 

DEGOLIA 

WHITE, Robert L., Quaker State Oil Refining 
Corp., Bradford, Pa. For mail: Box 63. 

DELMONT 

EVANS, Charles T., Elliot Co., Jeannette, Pa. 
For mail: Box 136. 

DREXEL HILL 

FOX, R. W., Consulting Engineer, 935 Drexel 
Ave. 

HECHT, Max, Consulting Engineer, 25 Valley 
Rd., Apt. 9, Drexelbrook. 

STERICKER, William, Philadelphia Quartz 


Co., Philadelphia, Pa. For mail: 4016 Gar- 
rett Rd. 


EASTON 


GODSHALL, J. Byron, Ingersoll-Rand Co., 309 
N. Tenth St. 

STEPHENS, Robert A., C. K. Williams & Co., 
640 N. 13th St. 


EAST PITTSBURGH 


CAMP, Eldridge K., Westinghouse Electric Corp., 

__ Research Laboratories. 

KROPF, Victor J., Westinghouse Electric Corp., 
700 Braddock Ave. 

EDGEWORTH SEWICKLEY 

HAMMOND, Milton B., Standard Steel Spring 


Co., Coraopolis, Penna. For mail: 317 
Meadow Lane. 


FRANKLIN 


ROSE, W. A., Anderson Brothers Corp., Hous- 
ton, Tex. For mail: 1423 Buffalo St. 


GIBSONIA 


PETERSON, John C., Walworth Co., 
burgh, Pa. For mail: Box 40-A, RD3. 


GLASSPORT 
JENSEN, Claude H., Copperweld Steel Co. 


Pitts- 


GREENSBURG 


CURRAN, James J., Walworth Co., Huff Ave. 


HARRISBURG 
; ILES, John T., The Bell Telephone Company of 


Pennsylvania, 210 Pine St. 
HEIDELBERG 
PEIFER, Richard H., Richard Peifer Co., 


Corrosion Service, 1801 Ellsworth Ave., 
Carnegie 


RICHARD, Charles S., Socony-Vacuum Oil Co., 
Box 
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HOLTWOOD 

SHERER, Clayton M., Pennsylvania Water & 
Power Co. 

JENKINTOWN 

SOSNIN, H. A., 234 Wyncote Rd. 


JOHNSTOWN 

LINDSAY, Joseph E., National Radiator Co., 
Johnstown, Penna. For mail: 25 Harding St. 

LANCASTER 

ALLEN, E., Pennsylvania Water Power 
Co., National Bank Bldg. 

LEBANON 

PLATZ, E. H., Jr., Lebanon Steel Foundry, First 
Ave. & Lehman St. 

MARCUS HOOK 

BAGSAR, A. B., Sun Oil Company. 

URIAN, James H., Sun Oil Company, Marcus 
Hook Refinery. 

McKEESPORT 

CouUY, C. J., Duquesne Light Co., 139 Atlantic 


Ave. 

WILSON, John R., Midwestern Engine & 
Equipment Co., Tulsa, Okla. For mail: 555 
McCully St. 


MEDIA 


BRINK, Edward G., 
Marcus Hook, Pa. For mail: 
R. ¥. D. 16. 


MERTZTOWN 


SEYMOUR, Raymond B., The Atlas 
Products Co. 


American Viscose Corp., 
Rhoads Lane, 


Mineral 


NEW KENSINGTON 


BINGER, Wayne W., Aluminum 
America, Research Laboratories. 

BROWN, R. H., Aluminum Company of Amer- 
ica, Box 772. 


Company of 


COBBETT, C. D., General Paint Corp., Hill, 
Hubbell Div., 328 Pershing Drive. 
DIGGINS, Earl R., The Aluminum Research 


Laboratories, New Kensington, Pa. For 
mail: 1006 Manor Rd. 

DIX, E. H., Jr., Aluminum Company of Amer- 
ica, Aluminum Research Laboratories, Box 


772. 
ENGLISH, Gyme C., Aluminum Research Lab., 
Aluminum Company of America, Box 772. 
FRITTS, Harry W., Aluminum Company. of 
America, Box 1012. 

HAMILTON, J. S., 
America, New Kensington, Pa. 
806 Carl Ave. 

HORST, Ralph L., Jr., Aluminum Company of 
America, Box 1012. 

McKEE, Arvil B., Aluminum Research Labo- 
ratories, Freeport Rd. 

REID, Keith K., Aluminum Company of America. 

VERINK, Ellis D., Jr., Aluminum Company of 
America, Box 1012. 


Aluminum Company of 
For mail: 


NEWTON SQUARE 


PEARSON, J. M., Sun Oil Co., 
search & Development Laboratory, 
Hollow Rd. 


NORRISTOWN 
ZVARICK, Albert J., Superior Tube Co., Box 
191. 


Physical Re- 
Bishop 


NORWOOD 


WEST, Lewis H., Sohio Pipe Line Co., St. 
Louis, Mo. For mail: 500 Welcome Ave. 


PALMERTON 


ANDERSON, Edmund Arnold, The New Jersey 
Zine Company of Pennsylvania. 
NELSON, Harley A., The New Jersey Zine Co. 


PHILADELPHIA 


ANDERSEN, H. Bruce, The Philadelphia Gas 
Works Co., 1800 N. Ninth St. 
ARETZ, William H., W. A. Briggs Bitumen 
Co., 3303 Richmond. 
BAKER, Harold R., Jr., 
Co., Philadelphia, Pa. 
Hortter St. 

BORST, George E., Chicago Bridge and Iron 
Co., 1700 Walnut St. 
BREWSTER, F. Carroll, III, American Tele- 
phone and Telegraph Co., Bourse Bldg. 
BRIGGS, W. R., W. Briggs Bitumen Co., 
3303 Richmond St. 

BUEHLER, Martin J. H., American Telephone 
& Telegraph Co., Bourse Bldg. 

CARLSON, Eric G., Bell Telephone Company 
of Pennsylvania, 1835 Arch St. 

COLEMAN, W. B., W. B. Coleman & Co., 
Philadelphia, Pa. For mail: 6635 McCallum 


So. 
CONNON, William D., Bell Telephone Company 
of Pennsylvania, 1401 Arch St. 


Keystone Pipe Line 
For mail: 501 West 


CORROSION 


BFETNER J. 


ENGINEERS PENNSYLVANIA 


CURLL, Vincent A., Pennsylvania Salt Manu- 
facturing Co., 1000 Widener Bldg. 

DEICHLER, J. K., Mechanical Inspection Dept., 
The Atlantic Refining Co., 3144 Passyunk 


Ave. 

DEWAR, William, Ralph N. Rulon, Inc., 3900 
N. Second St. 

DONNELLY, Joseph B., Dept. of City Transit, 
City of Philadelphia, 1320 City Hall Annex. 

ENGLISH, E. Rowland, H. C. Price Co., Box 


0. 

FARBER, J. D., Briggs Bituminous Composition 
Co., 1347-53 E. Montgomery Ave. 

FOLEY, Francis B., The Midvale Co., Nicetown. 

GODSHALK, James B., Fox Products Co., 4720 
N. 18th St. 

GRADER, K. W., Metalweld, Inc., 26th & Hunt- 
ing Park Ave. 

HADLEY, Raymond F., Susquehanna Pipe Line 
Co., 1608 Walnut St. 

HAMILTON, Hugh L., Keystone Pipe Line Co., 
260 S. Broad St. 

HESS, Albert W., Reynolds Metals Co., 1600 
Arch St. 

HORT, Percy, The Keystone Pipe Line Cvo., 260 
S. Broad. 
HUR, J. James, 3144 

Passyunk Ave. 

HUTZLER, George J., Rohm & Haas Co., 5000 
Richmond St. 

JEDNACZ, John E., Susquehanna Pipe Line Co., 

1608 Walnut St. 

JONES, Charles C., Philadelphia Gas Works Co., 
1800 N. Ninth St. 

KAHLER, H. Lewis, W. H. & L. D. Betz, 
Gillingham & Worth Sts. 

KAHN, Frank, Philadelphia Electric Co., 2301 
Market St. 

KEITER, Irvin L., Susquehanna Pipe Line Co., 
1608 Walnut St. 

KELLER, Richard M., Keystone Pipe Line Co. 
For mail: 5368 Magnolia Ave. 

LAMOND, John K., The Bell Telephone Com- 
pany of Pennsylvania, 1401 Arch St. 

LYNCH, Robert H., Keystone Pipe Line Co., 
260 S. Broad St. 

McCONOMY, Henry F., The Atlantic Refining 
Co., Box 8138. 

MILLER, Carl F., Jr., Susquehanna Pipe Line 
Co., 1608 Walnut St. 

MULLIN, Grover E., Dowell Ine., Girard Trust 
Co. Bldg. 

MUSCHENHEIM, Harry, Jr., Susquehanna Pipe 
Line Co., 1608 Walnut St. 

OECHSLE, Robert W., Metalweld Inc., 
Hunting Park Ave. 

OTT, Robert J., The Philadelphia Gas Works 
Co., 5150 N. Sixth St. 

PELLEGRINO, Frank M., Allied Chemical & 
Dye Corp., Barrett Div., Margaret & Ber- 
muda Sts., Frankford. 

PETERS, Ralph C., Sun Oil Co., 1608 Walnut St. 

PETTIBONE, John S., American Society for 
Testing Materials, 1916 Race St. 

PHELPS, H. S., Philadelphia Electric Co., 2301 
Market St. 

PIERCE, Robert R., Pennsylvania Salt Manu- 
facturing Co., Widener Bldg. 

PIETRZAK, Aloysius J., Rohm & Haas Co., 
5000 Richmond St. 

SCHAUERS, Joseph A., Keystone Pipe Line Co., 
260 S. Broad. 

SILL, George H., The Bird-Archer Co., 4337 N. 
American St. 

SPENCER, S. F., Keystone Shipping Co., 1015 
Chestnut St. 

STOERTZ, Howard, Electric Storage Battery 
Co., 19th St. & Allegheny Ave. 

TURNER, C. D., Koppers Co., Ine., Wailes 
Dove, Hermiston Dept., Broad St., Station 


Bldg. 

VAN DE WATER, Donald F., Susquehanna Pipe 
Line Co., 1608 Walnut St. 
WEISS, George H., Aluminum 

America, 123 South Broad St. 
WELKER, John W., Milton Roy Pumps, 1300 E. 
Mermaid Ave. 
WEPPNER, Richard A., Salt 
Mfg. Co., Widener Bidg. 
YOUNG, Frank A., Susquehanna Pipe Line Co., 
1608 Walnut St. 


Atlantie Refining Co., 


2617 


Company of 


Pennsylvania 


PITTSBURGH 


ALEXANDER, Thomas W., Jr., Bell Telephone 
Company of Pennsylvania, 416 Seventh Ave. 

BAGENSTOSE, A. H., Jr., Insul-Mastie Corp. 
of America, Pittsburgh, Pa. For mail: 1017 
Vermont Ave., Apt. 4. 

BIALOSKY, Jerome M., Carnegie-Illinois Steel 
Corp., 210 Semple St. 

BOWDEN, Raymond C., Jr., National Tube 
Co., Research Laboratory, 4910 Forbes St. 

BRAUN, F. C., Gulf Oil Corp., Gulf Bldg. 

BUCK, D. C., Carnegie-Illinois Steel Corp., 434 
Fifth Ave. 

COE, Russell H., Pittsburgh Coke & Chemical 
Co., Box 1645. 

COSTANZO, Frank E., Manufacturers Light & 
Heat Co., 2202 Vodeli St. 

COX, Edwin S., Bell Telephone Company of 
Pennsylvania, 416 Seventh Ave. 

CRANE, Harold E., Jr., Koppers Co., Inc., Tar 
Products Div., Koppers Bldg. 

ERICKSON, C. A., Jr., The Peoples Natural Gas 
Co., 545 William Penn Place. 

EVANS, Herbert V., Jr., Alloy Steel Producte 
Co., Inc., Investment Bldg. 

FAIR, W. F., Jr., Mellon Institute, Fifth Ave. 

Carnegie-Illinois Steel 

Corp., Research Laboratory, 210 Semple St. 


| 
| 
| 
| 
| 
| 


PENNSYLVANIA 


GARDNER, Gerald C., Jones & Laughlin Steel 
Corp., 40 Longworth St., Hazelwood. 
HATCH, George B., Calgon, Inc., 323 Fourth 


Ave. 

HEGER, J. J., Carnegie-Illinois Steel Corp., 714 
Frick Bldg. 

HOPPER, Edward W., Crucible Steel Company 
of America, Oliver Bldg. 

KAMPS, Julius M., Koppers Co., Inc., Chamber 
of Commerce Bldg. 

KEANEY, J. C., Industrial Metal Protectives, 
Inc., 540 Landsdale Place. 

KENDALL, Verner V., National Tube Co., Box 


266. 
KENNEDY, Harvey T., Gulf Research & Devel- 
opment Co., Box 2038. 


KLEBER, John P., Hall Laboratories, Inc., and 
Calgon, Inc., Box 1346. 
KOPETZ, Geo. E., Blaw-Knox Construction 


Co., Chem. Plants Div., 321 Penn Ave. 

LAWLOR, E. W., Pittsburgh Coke & Chemical 
Co., Neville Island. 

LeMAY, Jack E., National Carbon Co., 
Clark Bldg. 

LIEBMAN, Arno J., Dravo Corp., Dravo Bldg., 
Fifth and Liberty. 


Inc., 


Donald H., Dravo Corp., Neville 
sland 
ae ae J. W., A. M. Byers Co., Clark 


MATHESON, E. E., Nordstrom Valve Div., 
Rockwell Manufacturing Co., 400 N. Lexing- 


ton Ave. 
MEARS, Robert B., Carnegie-Illinois Steel Corp., 
Research Laboratory, 210 Semple St. 
PARK, Paul S., Jr., A. M. Byers Co., Box 
7 


1076. 

PEIFER, Norman P., Manufacturers Light & 
Heat Co., Union Trust Bldg. 

POGACAR, Cc. F., Mellon Institute of Industrial 
Research, University Pittsburgh. 

RAPP, Harry E., Insul-Mastic Corporation of 
America, Oliver Bldg. 

RHODES, E. O., Koppers Co., Inc., Tar Prod- 
ucts Div., Koppers Bldg. 

RIMBACH, Richard, Consulting Engineer, 1117 
Wolfendale St. 

ROMIG, O. E., Carnegie-Illinois Steel Corp., 324 
Atwood St. 

RUTTER, Charles M., Jr., Equitable Gas Co., 
610 Wood St. 
SEAGREN, W., Mellon Institute Indus- 
trial Research, University of Pittsburgh. 
SHIDELER, N. T., Pittsburgh Coke & Chemical 
Co., MceKees Rocks. 

SPELLER, Frank N., Consulting Engineer, 6411 
Darlington Rd. 

STEARNS, K. P., Koppers Company, Inc., Kop- 
pers Bldg. 

STEEL, Edward W., The Bell Telephone Com- 
pany of Pennsylvania, 416 Seventh Ave. 
STROMQUIST, Russell C., Koppers Co., 

Chamber of Commerce Bldg. 
STURROCK, Murray G., Koppers Co., Ine 
Products Div., Koppers Bldg. 
SWENSSON, Stuart J., American Hot Dip Gal- 
vanizers Association, Inc., First National 
Bank Bldg. 
VAURIO, V. W., 
210 Semple St. 
WESCOTT, Blaine B., Gulf Research Develop- 
ment Co., Drawer 2038. 

WOODLAND, Forrest, Jr., Bell Telephone Com- 
pany of Pennsylvania, 416 Seventh Ave. 
WOOFTER, Robert A., Jones & Laughlin Steel 

Corp., 40 Longworth St. 
YOUNG, George H., Mellon Institute of Indus- 
trial Research, 4400 Fifth Ave. 


PORT ALLEGANY 


ISHERWOOD, H., North Penn Gas Co., 76-80 
Mill St. 


Carnegie-Illinois Steel Corp., 


READING 


HECK, Stanley M., 
101 W. Bern. 


STATE COLLEGE 


READ, Harold J., Pennsylvania State College. 
TRACEY, Edward J. J., Jr., Pennsylvania State 
College, University Club. 


The Carpenter Steel Co., 


SWARTHMORE 

VIELE, S. M., Pennsylvania 
Philadelphia, Pa. For 
Haven Ave. 


Railroad Co., 
mail: 450 Strath 


SWISSVALE 


GUTHRIE, John M., Union Switch & Signal 
Co., Research Department. 


UWCHLAND 


RINGER, Francis, Texas Eastern Transmission 
Corp., Box 4. 


VANDERGRIFT 

LARRABEE, C. P., Carnegie-Illinois Steel Corp., 
Corrosion Research Lab. 

WILKES-BARRE 


EVANS, Rulison, Scranton-Spring Brook Water 
Service Co., 30 N. Franklin St. 
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RHODE ISLAND 


PROVIDENCE 
LOEFFLER, William J., Nicholson File Co., 23 
Acorn St. 
TENNESSEE 
CHATTANOOGA 
DERRICK, R., Chattanooga Gas Co., 811-13 
Broad St. 
KOSIK, John A., Combustion Engineering- 


Superheater, Inc., 1032 W. Main. 


KINGSPORT 


CONVISER, M. B., Tennessee Eastman Corp. 
Marvin L., Tennessee Eastman 
‘orp. 


MEMPHIS 


JAMES, H. E., Mississippi Power & Light Co., 
88 N. Main St. 

MOEHRL, Kenneth E., Layne & Bowler, Inc., 
Box 215, Hollywood’ Station. 

RILEY, W. A., Dixie Tank & Bridge Co., Inc., 
3523 Lamar Ave. 

STULL, Fred D., Texas Gas Transmission Co., 
Sterick Bldg. 


NASHVILLE 


WRAY, T. Cecil, Nashville Gas & Heating Co., 
800 Church St. 


OAK RIDGE 


ENGLISH, James L., Oak Ridge National Lab- 
oratory, Oak Ridge, Tenn. For mail: 230 
Vermont Ave. 

LAMBERT, Frank J., Jr., Carbide & Carbon 
Chemicals Corp., Y-12 Plant Bldg. 9766. 

LEHMANN,  F. Ay, Carbide and Carbon 
Chemical Corp 

McLAREN, James, Carbide & Carbon Chemical 


Corp., Oak Ridge, Tenn. For mail: 103 Nor- 
man Lane. 
TEXAS 
AMARILLO 
CLIFTON, W. M., Canadian River Gas Co., 
Box 951. 
COX, A. F., Amarillo Oil Co., 301 Taylor St. 


LONG, Dan P., The Shamrock Oil & Gas Corp., 


Box 631. 

ROBERTS, L. J., Southwestern Public Service, 
Box 1261. 

ANDREWS 

VOGEL, Alfred J., Fuhrman Petroleum Corp., 
Midland, Texas. For mail: Box 296. 

AUSTIN 

CUNNINGHAM, Wm. A., University of Texas, 


Chemical Engineering Bldg. 
HACKERMAN, Norman, Department Chem- 
istry, University of Texas. 

JESSEN, Frank W., Consulting Engineer, 1706 
Westover Rd. 
MORRISON, E. G., 

Inc., Box 798. 
ULLRICH, A. H., 
Box 1160. 
ZINSER, L., Zinser Chemical Engineering 

Co., Route Box 231. 


Morrison Construction Co., 


City of Austin, Water Dept., 


BAYTOWN 

CAMP, E. Q., Humble Oil & Refining Co., 
Box 3538, Station A. 

COMEAUX, Roy V., Humble Oil & Refining 
Co., 2206 Louisiana St. 

HAAS, D. Marshall, Humble Oil & Refining Co., 
Box 3455. 

HARTMAN, F., Humble Oil Refining Co., 
Box 


HENDRYX, John W., Texas Eastern Transmis- 
sion Corp., Shreveport, La. For mail: Box 
426. 

PHILLIPS, Cecil, Jr., 
Co., Box 3536. 


Humble Oil & Refining 


BEAUMONT 

BAKER, Jesse J., Magnolia Petroleum Co., 
Texas. For mail: 4610 Maddox 
ve. 


ECKLES, W. W., Gulf States Utilities Co. 

KNIGHT, C. A., Magnolia Petroleum Co., 
3311. 

LASTRAPES, Richard L., Refining Division, 
Magnolia Petroleum Co., Box 3311. 


LOCKWOOD, C. J., Socony Paint Products Co., 
Box 2848. 


Box 


MYERS, G. Frank, G. Frank Myers Co., Box 
868. 

Charles A., Magnolia Petroleum 
0. 


STEWART, W. H., Sun Pipe Line Co., Sun Oil 
Co., San Jacinto Bldg. 

TOHLINE, Max B., Magnolia Petroleum Co., 
Box 3311. 


TEXAS 


WILSON, Fred V., Standard Brass 

facturing Co., 705 Milam St. 
WRIGHT, Nathan E., Magnolia Petroleum Co. 
Texas. For mail: 3929 University 
rive 


BELLAIRE 


W. H., The Texas Company, Rice 
ve. 


BIG SPRING 

THOMPSON, W., Cosden Petroleum Corp, 
Box 1311. “4 

BRENHAM 


CUSHMAN, George A., Municipal 
Power System. 


BROWNSVILLE 


IRWIN, A., Rio Grande Valley Gas Co., Fifth 
& Elizabeth. 


Light & 


CARRIZO SPRINGS 
SWEET, F. L., Cathodic Rustproofing Co, 


CARTHAGE 


STANTON, W. L., Carthage Field Engineering 
Committee, Box 312. 


CISCO 
AUDE, Roger C., Humble Pipe Line (Co, 
Box 712. 


COLLEGE STATION 


DAVIS, Billy Harlan, Texas College, 
Box 1963. 
KENNEDY, Harvey T., A & M College of 


Texas, Petroleum Engineering Dept. 


COLORADO CITY 


KELLER, Ralph W., Shell 
Colorado City, Texas. For mail: 


Pipe Line Corp, 
433 Locus’ 


St. 
LAIN, Albert Eugene, Shell Pipe Line Cor 
LAYNE, Harold B., Shell Pipe Line Corp., 
1191. 


CORPUS CHRISTI 


BEECHERL, Louis A., Jr., Republic Natural 
Gas Co., Route 2, Box 63. 

CAMPBELL, John G., Analytical & Consulting 
Chemist, Box 1913. 

CRIBLEY, K. C., Stratton Pipe Line Corp., Box 
1702. 

GROSS, Lewis, Taylor Refining Co., Box 4067. 

HEINEMANN, Gustave, Southern Alkali 
1013 Oak Park Ave. 


HEYE, B. F., Central Power & Light Co., Box 
2121. 

— Jokn D., Sinclair Refining Co., Box 
LEDBETTER, Buford P., Gas Dept., City of 
Corpus Christi, Box 111. h 
MILLS, Geo. A., Central Power & Light Co, 


Chaparral St. 
Jr., 
Corp., Lawrence Drive. 
NEE, John W., Briner Paint Mfg. Co., Ine, 

3713 Agnes "st. 
PETERSON, F. P., 

Box 716. 
POLHAMUS, John R., Southern Alkali Corp. 

Box 4026. 
POLLOCK, Bill, Southern Pipe Line Corp., 


Broadway. 

RANKIN, Elbert L., Pipe Line 
Box 2166. 

me Fred C., Pipe Line Service Corp., Bot 
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MOFFATT, 


Jr., Southern Minerals Corp., 


57. 
RICHARDS, dr., 


908. 
ROSSON, J. H., Jr., Rosson-Richards Co., Bot 
908. 


SHOBE, H., Southern Pipe Line Corp., 
Broadway. 

STEPHENSON, W., Southwestern Oil 
Refining Co., Box 1147. 

WARD, Charles F., Magnolia 
2600 N. Port Ave. 


Petroleum (Co, 


WILBANKS, Hugh, Jr., Gas Dept., City of Cor 
pus Christi, Box 111. 

DALLAS 

BACON, Thomas Lone Star Producing 


1915 Wood St. 
BAUER, Art G., 
Thackery. 
Glyn W., Dallas Power & Light 

1506 Commerce St. 
BILHARTZ, L., Atlantic Co., Box 
2819. 


BOCK, Morris, Sun Oil Co., 1369 N. Zangs. 
N. 


CHESNUTT, P., Southern Union Gas 
1104 Burt Bldg. 
COLE, Ralph R., Allied Engineers, Inc., 3612 


Potomac. 


Thomas J., The Ruberoid Co., 


Robert D., Dallas Power 
Co., 1506 St. 

FOSTER, J. L., Lone Star Gas Co., Dallas 
Texas. For mail: 1915 Wood St. 
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TEXAS 
FRASCH, H. H., National Carbon Co., Inc., 
GARRETT, eed A., Lone Star Gas Co., 301 S. 
St. 
Myrl, The Dearborn Chemical Co., 
3809 Centenary Drive. 
HARBER, Celanese Plastic Corp., 
Dallas, Texas. For mail: 1225 N. Winnetka 


HUGHES, H. D., American Cast Iron Pipe Co., 
491. 
KRELL. J., The Layne-Texas Co., 
Ltd., 6419 Maple Ave. 
LEVY, David Henry, Magnolia Pipe Line Co., 
00. 
LOVE. a H., The Petroleum Engineer 
Publishing Co., Irwin-Keasler Bldg. 
McCARTHY,. Robert A., Hill Hubbell & Co. 
Div. General Paint Corp., Cleveland, Ohio. 
For mail: 6246 Woodland Drive. 
MeMULLIN, H. L., The Texas & Pacific Rail- 
way Co., Texas & Pacific Bldg. 
MOIR, B. E., The Atlantic Refining Co., Pro- 
ducing Division, Box 2819. 
NEAL, James L., Owens-Corning Fiberglas 
Corp., Tower Petroleum Bldg. 

O'MARA, Fred B., National Carbon Co., Inc., 
1621 Main St. 
POLLARD, T. A., 
pooL. John L., Magnolia Pipe Line Co., Box 


Magnolia Petroleum Co., 


900. 

READING, Robert E., Lone Star Gas Co., 1915 
Wood St. 
REID, J. C., 1104 

Burt Bldg. 
SIMS, C. I., Consulting Engineer, Box 761. 
SPALDING, James C., Jr., Sun Oil Co., 


2880. 

STARBIRD, L. C., Southwestern Bell Telephone 
308 Akard St. 

STATHAM, Tom R., Magnolia Pipe Line Co., 
Box 900. 

THOMPSON, Ralph F., Chemical Engineering 
Co., 2800 Logan St. 

THOMPSON, Van, Southern Union Gas Co., 
1104 Burt Bldg. 

TURBEVILLE, Louis R., Consolidated Sales 
Agency, 2509 Commerce St. 
UBBEN, James E., Emsco Derrick & Equipment 
Co., 7626 Denton Drive. 
‘AHLQUIST, K. D., Electro 
Corp., Belleville, N. J. 
Revere Place. 

WILLIAMSON, Theodore, 
Co., Box 2819. 

WIMER, C. J., Consulting Engineer, Construc- 

tion Bldg. 

YOUNG, C. A., American Petroleum Institute, 

Continental Bldg. 


DENISON 
is David F., The Texas Pipe Line Co., 


No. 3. 


Southern Union Gas Co., 


Box 


Rust-Proofing 
For mail: 6281 


Atlantic Pipe Line 


DENVER CITY 


CANNON, Curtis 
Box 578. 


EDNA 


HOLLOWAY, J. A., Houston Pipe Line Co., 
Houston, Texas. For mail: Box 127. 


EL PASO 


ASHWORTH, James 
Gas Co., El Paso, 
San Jose St. 

AXELSON, R., Pasotex Pipe Line Co., Stand- 
ard Oil Refinery, Box 1022. 

EMERSON, Richard J., Paso Natural Gas 
Co., Bassett Tower Bldg. 

PERKINS, L., Paso Natural Gas Co., 1010 
Bassett Tower. 

PERRY, Joe Reddell, El Paso Natural Gas Co., 
El Paso, Texas. For mail: 617 Loretta Rd. 


WAINMAN, L. G., El Paso Natural Gas Co., 
Box 1492. 


W., Frontier Chemical Co., 


Elmo, EI 
Texas. 


Paso Natural 
For mail: 2200 


FORT BLISS 


HAGER, Karl Army Ord. Research 
Develop. Div. Sub-Off (Rocket). 

ROSENTHAL, Morris, General Electric Co. 

WAGNER, Carl, Ordnance Research & Develop- 
ment Division, Suboffice Rocket. 


FORT WORTH 


CLAY, James A., Jr., Service Engineers, Inc., 
First National Bank Bldg. 

COLE, Robert M., Plastic Engineering Sales 
Corp., Box 1037. 

CORDELL, M., Texas Service Co., 
Box 970. 

DANIELS, Leonard J., Jr., Plastic Engineering 
& Sales Corp., Box 1037. 

DAVIS. Jas. A., Empire Southern Gas Co., T. 
& P. Bidg. 

DAVIS, E., Tnemee Co., Inc., Kansas City, 
Mo. For mail: Box 7125, Sylvania Sta. 

GOODRICH, C. R., Public Housing Administra- 
tion, Ft. Worth, Texas. For mail: 100 Penn 
Street. 

HARBISON, Dixon T., Harbison-Fischer Man- 

" ufacturing Co., 2501 Virginia St. 

ESS, Fred E., Fred Hess, Inc., Ft. Worth 
National Bank Bldg. 
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HIGGINS, D., Jr., Higgins Co., Neil 

Anderson Bldg. 

JOHNSON, Gerald M., Sinclair Refining Co., 
Pipe Line Dept., Fair Bldg. 

LIGON, John R., Sinclair Refining Co., Fair 
Bldg. 

NEVILL, Richard A., Lone Star Gas Co., 908 
Monroe. 

SIMPSON, N. H., Consolidated Vultee Aircraft 
Corp., Grants Lane. 

SMITH, O. R., Smith Contracting Corp., Fort 
Worth National Bank Bldg. 

WAYMAN, A., Co., 
T. P. Terminal Warehouse. 


FREEPORT 


AXELRAD, B. A., Freeport Sulphur Co. 

BROOKS, William Barker, Dow Chemical Co., 
Electrochemical Engineering Dept. 

CHATELAIN, John B., Freeport Sulphur Co., 
Drawer 

FISHER, B. M., Freeport Sulphur Co. 

HART, Porter, The Dow Chemical Co., 1410 W. 
Fourth St. 

JORGENSEN, Roy C., Dow Chemical Co., Bldg. 
A 90 


906. 
NEWPORT, John J., The Dow Chemical Co., 
Electrochemical Eng. Dept. 
OSBORN, Oliver, Dow Chemical Co. 
SHIGLEY, C. M., Dow Chemical Co. 
VOLKENING, V. B., Dow Chemical Co., Free- 
port, Texas. For mail: Route 


GALENA PARK 
CORNETT, W. J., United Gas Pipe Line Co., 


Sales 


Box 6. 
DEBORD, George E.. University of Houston, 
Houston, Texas. For mail: 1318 Wolf St.* 
GALVESTON 
BOYD, Wm. G., Jr., University of Houston, 


Houston, Texas. For mail: 4802 Alamo*. 
NICHOLLS, P. E., Texas Public Service Co., 
910 25th St. 


GORMAN 


DEAVENPORT., John L., Empire Southern Gas 
Co., Box 297. 


GRAND PRAIRIE 
KEITH, Cecil S .,Keith-Kote, Box 928. 


HOUSTON 
ALLEN, Henry W., Cathodic Protection 
Service, 1801 Bissonett. 


ANDERSON, H. H., Shell Pipe Line Corp., Shell 


Bldg. 

ARMSTRONG, Bob J., The University Hous- 
ton, St. Bernard St.* : 
ARNOLDY, F., Texas Alloy Products Co., 

2110 Quitman. 
BAKKE, O. M., Houston Laboratories, 120614 
Preston Ave., Houston, Texas. For mail: Box 


132. 

BAMMEL, Charles A., University of Houston, 
Houston, Texas. For mail: 1808 Colquitt.* 
BAMMEL, Emmett Owen, Jr., The University 

Houston, Houston, Texas. For mail: 1806 


Colquitt.* 

BARROW, D. N., Delta Engineering Corp., 
Box 13027. 

BASKETT, Forest, Steel Coating Corp., Hemp- 
stead Hwy., Eureka Underpass. 

BATTLE, Jack L., Humble Oil & Refining Co., 
Box 2180. 

BELL, S. J., American Petroleum Co., Petro- 
leum Bldg. 


BERDAN, Marshall S., Crose Manufac- 

BLANCHARD, A., Houston Natural Gas 
Corp., Petroleum Bldg. 

BOND, Donald H., The Texas Pipe Line Co., 
Texas Co. Bldg. 

BRANNON, R. A., Humble Pipe Line Co., 


Drawer 2220. 


BRENDEL, Robert O., 


Ave. 

BRESHEARS, F. S., Great Southern Supply 
Co., Inc., 2120 S. Wayside Drive. 

BREWER, J., Humble Oil Refining Co., 
Humble Bldg. 

BROCK, Chelsey Lee., Jr., University of Hous- 
ton, Houston, Texas. For mail: 508 Bremond 
St.* 

BROWN, Charles D., Aluminum Company of 
America, 1806 Commerce Bldg. 

BROYLES, Wayne E., Brance-Krachy Co., Inc., 
Box 1724. 

BRUDVIG, Lloyd A., 
9110 Katy Road. 

BUCHAN. Rudolph C., Humble Oil & Refining 
Co., Box 2180. 

CALDWELL, Joseph A., Humble Oil & Refining 


Crane Co., 2204 Pease 


Plastic Coating Corp., 


Co.. Box 2180. 

CALHOUN, George H., Shell Oil Co., Ine., 
Box 2099. 

CAMPBELL, A. B., National Association of 


Corrosion Engineers, Milam Bldg. 
CARMOUCHE, H. D., Houston Pipe Line Co., 
Petroleum Bldg. 
CARROLL, G. O., Tube-Kote. Inc.. Box 8123. 
CHANEY, Leonard P., Sinclair Rubber, Inc., 
Box 2584. 

CLAIBORNE, Tom A., Vanadium Corporation 
of America, 3101 Glen Haven St. 
CLARK, Hezzie, Humble Pipe Line Co., 1216 

Main St. 
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COATES, Chas., 
Co., Box 2511. 

CONROY, John H., 2508 Shakespeare Dr. 

CROWE, Raymond H., Stone & Webster Service 
Corp., M & M Bldg. 

DAWSON, R. A. J., Houston Equipment Co., 
Inc., 5513 Clinton Drive. 

DAY, Stephen D., S. D. Day Co., 2017 W. Gray 


ve. 

DE ROUEN, H. A., M. J. Crose Manufacturing 
Co., Inc., 437 M. & M. Bidg. 

DOREMUS, E. P., Cathodic Protection Service, 
1801 Bissonett. 

DOREMUS, Gordon L., Cathodic 
Service, 1801 Bissonett. 

DRAGICS, Earl V., Owens-Corning Fiberglas 
Corp., M & M Bldg. 

ENGEMOEN, R. J., C. 
Box 644. 

ERGANIAN, Alex M., Pipe Line Service Corp., 
4101 San Jacinto. 

EVANS, Dwight J., Branson Instruments, Inc., 
4101 San Jacinto. 

FANETT, M., United Gas Corp., Box 2628. 

FISCHER, E., Crown Central Petroleum 
Corp., Box 1759. 

FLANAGAN, J. C., United Gas Corp., Box 2628. 

FOLSE, J. B., Great Southern Supply Co., Inc., 
2120 S. Wayside Drive. 

FORBES, A. L., Jr., Associated Contractors & 
Engineers, Box 2163. 

FRANK, Marion E., Tennessee Gas Transmis- 
sion Co., Box 2511. 

FRIEDRICHS, C., Wallace Tiernan Co., 
2415 San Jacinto St. 

GERLOVICH, C. Lewis, University of Houston, 
Houston, Texas. For mail: 122 Sunflower.* 

GREBE, H. A., Cathodic Protection Service, 
1801 Bissonett. 

GREGG, Harris T., Metal 711 
Milby. 

GRIBBLE, Charles G., Jr., Corp., 
711 Milby. 

GRIFFITH, Dean O., Shell Pipe Line Corp., 


Box 318. 

GRIFFITH, T. E., Tide Water Associated Oil 
Co., Box 1404. 

GUINN, C. F., Tidal Pipe Line Co., Box 1404. 

HAAS, Charles A., Wyatt Metal & Boiler Works, 
Box 3052. 

HAGEMEIER, Charles E., Humble Oil & Re- 
fining Co., Box 2180.* 

HALL, Paul, The Fish Engineering Corp., 754 
M & M Bidg. 

HARRIS, Jack W., Cameron Iron Works, Inc., 
Box 1212. 

HARRIS, John J., Magnolia Pipe Line Co., 


Box 2121. 

HARTWICK, Otto J., Pittsburgh Plate Glass 
Co., Paint Div., Box 2555. 

a Lawrence E., Tube-Kote, Box 

HEITMAN, Talmadge M., Jr., United Gas Corp., 
Box 2628. 

HEITZMAN, Eugene M., University of Houston, 


Houston, Texas. For mail: University of 
Houston Village T-140* 
& Dye 


Tennessee Gas Transmission 


Protection 


Harold Corrosion Co., 


Goods Corp., 


Inc., 


HENRY, Ernest L., Allied Chemical 
Corp., The Barrett Divn., M & M Bldg. 
HINKLE, Geo. S., Jr., General Manufacturing 

Co., 1616 Maury St. 
HODSON, Fred W., Johns-Manville Sales Corp., 
2212 Polk. 
HOLM, Emil G., Tube-Kote, Box 8123. 
HOLSTEYN, Derk, Shell Oil Co., Inc., Box 2527. 
HOPKINS, W. H., Tuboscope Co., Commerce 


Bldg. 

HUGHES, D. E., Jr., Midwestern Engine & 
Equipment Co., Tulsa, Okla. For mail: 5030 
Arvilla Lane. 


INGELS, G. R., Cook Heat Treating Company 
of Texas, 6233 Navigation Blvd. 

IRVINE, G. O., American Petroleum Co., Pe- 
troleum Bldg. 


JENKINS, Clark L., The Goodyear Tire 
Rubber Co., Inc., Box 1678. 

JOHNSON, Wayne A., The Texas Pipe Line 
Co., Texas Co. Bldg. 

JOPLIN, J. L., Buda Engine & Equipment Co., 
6614 Harrisburg Blvd. 

JUDAH, Melvin A., National Association of 
Corrosion Engineers, Milam Bldg. 

KELLEY, V. A., Bethlehem Steel Co., Box 2966. 

KELLY, Thomas P., James Mavor Co., 
Houston, Texas. For mail: 3511 Corondo Ct. 

KIMBRO, A. M., South Texas Equipment Co., 
2030 North Blvd. 

KING, Glenn W., Co., 4101 
San Jacinto. 

KLEIN, Meyer, University of Houston, Houston, 
Texas. For mail: 2820 Eagle St.* 

KUHN, Cyril D., Tennessee Coal, Iron and R. 
R., Carnegie-Illinois Steel Corp., Box 159. 
LEONARDON, Eugene Gilbert, Schlumberger 

Well Surveying Corp., Box 2175. 
LINGLE, Robert J., James E. Mavor Co., M 


Glenn W. King 


& M Bide. 

LOEFFLER, John Edward, Thornhill Craver Co., 
Box 1184. 

LOMAX, O. Q., Humble Pipe Line Co., 1216 
Main St. 


LUGER, Karl E., K. E. Luger Co., 3618 Wash- 
ineton Ave. 


MAUZY, Harry Lincoln, Reed Roller Bit Co., 
Box 2119. 

MAVOR, James E., James E. Mavor Co., M & 
M Bide. 


MAYES, H. B., Mayes Bros., Inc., 1150 McCarty 


Ave. 
McCLUGHAN, Joseph, Converted Rice, 5610 
Clinton Drive. 


| 
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McDANIEL, John P., Pan American Pipe Line 
Co., Alvin, Texas. For mail: 4834 Winfree 
Drive. 

McGARY, S. U., Cathodic Protection Service, 
Houston, Texas. For mail: 854 W. 43 St. 

McMILLAN, William A., Jr., Kuhn Paint Co., 
Houston, Texas. For mail: 2321 Eagle St. 

McNEESE, C. L., Houston Lighting & Power 
Co., Electric Bldg 

MEANS, Ben H., Pittsburgh Coke & Chemical 
Corp., Pittsburgh, Penna. For mail: 4111 
Marlowe. 

MENDIVE, Anthony J., Non-Corrosive Products 
Company of Texas, Box 7632. 

MERCER, C. L., Southwestern Bell Telephone 
Co., Engineering Dept. 

MILLER, Paul Thomas, The Texas Pipe Line 
Co., Texas Co. Bldg. 

MITCHELL, E. B., Shell Pipe Line Corp., Box 
318. 
MORAN, W. T., Moran Utilities Co., Esperson 

Bldg. 

MORGAN, C. is United Gas Corp., Box 2628. 

MOSELEY, E. L., South Chester Tube Co., Es- 
person Bldg 

MUDD, O. C., Shell Pipe Line Corp., Shell Bldg. 

NASCHKE, John H., Humble Oil & Refining 
Co., 1216 Main St. 

NEILON, Cc. R., The National Supply Co., Box 


NEL SON, M., Texas Gulf Sulphur Co., Second 
National Bank Bldg. 

NELSON, Otis A., Houston Lighting & Power 
Co.. 1016 Walker. 

NICKERSON, James G., University of Houston, 
Houston, Texas. For mail: 509 Calhoun* 

NOSER, W. P., Humble Pipe Line Co., Drawer 


2220. 
ODELL, L. B., James Bute Co., Box 1779. 
ORR, C. M., Chicago Bridge & Iron Co., Na- 


tional Standard Bldg. 
PALMER, James G., The Ohio Steel Foundry 
Co., Box 6024. 
PAPE, W. Howard, 
Box 1910 
PARKER, Marshall E., Jr., Cathodic Protection 
Service, Houston, Texas. For mail: 2023 


Jarecki Manufacturing Co., 


Jean. 

PARR. MacGregor A., Parkerizing Inc. of Texas, 
6506 Navigation. 

PATRICK, George M., John D. Trilsch Co., 
Petroleum Bldg. 

PECORE, Albert E., Humble Pipe Line Co., 
Drawer 2220. 

PFREHM, R. H., Humble Co., 

PRICE, Walter J., Port Commission, Box 9187. 


Drawer 2220. 
PROSKOWITZ, Seymour, University of Hous- 
ton, Houston, Texas. For mail: 2302 Wichita 
* 


Pipe Line 


St. 

RAIGORODSKY, Paul M., Petroleum Engineer- 
ing, Inc., Commerce Bldg. 

RAINEY, John B., Mission Manufacturing Co., 
Box 4209. 

RATCLIFF, Van W., Boiler Chemical and Sup- 
ply Co., Box 5006. 

RECTOR, Paul F., Humble Oil & Refining Co., 
Route 13. Box 515. 

— H. A., Fish Constructors, M & M 


Bldg. 

RICE, R. J., The International Nickel Co., Inc., 
Commerce Bldg. 

RICE, William R., Electric Steel Foundry Co., 
1920 Lorraine St. 

RILING, Wm. W., Standard Roofing Co., Inc., 
4910 Navigation Blvd. 

RIORDAN, Maurice A., Rio Engineering Co., 
3607 Yoakum. 

ROBERTS, John P., University of Houston, 
Houston, Texas. For mail: 111 E. 22nd St. 
ROBINSON, T. J., Bethlehem Supply Co., 7100 

Clinton Dr. 
ROESLER, Ewald A., Eastern States Petroleum 
Co., Ine., Box 5008, Harrisburg Station. 
a Walter F., Gulf Oil Corp., 5311 Kirby 
Drive. 

ROLFS, E. L., Crutcher-Rolfs-Cummings, Inc., 
Niels Esperson Bldg. 

ROSE, Leonard M., 
Capitol Ave. 

ROSS, George T., Houston Natural Gas Corp., 
Petroleum Bldg. 

RUSSELL, George F., Jr., Consolidated Western, 
M & M Bidg. 

SANDBERG, John H., 4151 Tuam. 

SCAMMAN, Chas. W., Houston Oil Field Ma- 
terial Co., Box 2589. 

SCHERER, Lewis F., The Texas Pipe Line Co., 
Box 2332. 

SCOTT, Glenn C., University of Houston, Hous- 
ton, Texas. For mail: 1707 W. 15th St.* 
as. L. G., Humble Pipe Line Co., Humble 


Corrosite Corp., 2018 


SHAW, George E., Petro-Chemical 
Co., Seanlan Bldg. 

SHELLEY, L. H., Allied Chemical & Dye Corp., 
Barrett Div... M & M Div. 

SHEPARD, Harry L., National Carbon Co., Inc., 
Dallas, Texas. For mail: 3318 Nottingham St. 

SHEPPARD, Lyle R., Shell Pipe Line Corp., 
Houston, Texas. For mail: 6522 Mercer St. 

eo A. D., Jr., United Gas Corp., Box 

SLINE, Louis L., Sline Company, Inc., 1102 Taft. 

SMITH, Alonzo L., Petroleum Instrument Co., 
Houston, Texas. For mail: 4012 Willowick 
Road. 

SMITH, Carl M., 

1682 Ingeborg. 


Equipment 


Gulf Engineering Co., Inc., 
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— Nowery J., Nowery J. Smith Co., Box 
7398 


SMITH, Robert M., Tar Products Div., Koppers 
Co., Ine., 7001 Clinton Drive. 

SMITH, Sidney V., Plastic Coating Corp., Box 
13 


127. 
Delbert G., Tne Texas Pipe Line 
Houston, Texas. For mail: 2214 Kipling 

1-D. 

SPAFFORD, Perry Parker, Stanolind Oil & Gas 
Co., Box 3092. 

SPENCER, L. S., Secco Pipe Coating Co., 
500 N. Greenwood St. 

STAFFORD, Allen D., 1814 Richmond Ave. 

STEGNER, A. L., Tennessee Gas Transmission 
Co., Box 2511. 

STEINBERGER, Chester, 
of Long Beach, Cal. For mail: Rusk Bldg. 

STEPHENSON, James F., Houston Pipe Line 
Div., Gulf Refining Co., Box 2100. 

STERRETT, Elton, Gulf Publishing Co., Hous- 
ton, Texas. For mail: 1948 Lexington. 

STEVENS, Robert B., Alemite Co. of the Gulf 
Coast, 1901 Caroline St. 

STRUBEN, Frederik J., Jr., United Gas Corp., 
Box 2628. 

THAYER, Starr, Consulting Engineer, Southern 
Standard Bldg. 

THORNEY, Charles E., Jr., National Associa- 
tion of Corrosion Engineers, Milam Bldg. 
TISDALE, O. R., Tidal Pipe Line Co., Box 1404. 
TRILSCH, John D., John OD. Trilsch Co., 

Petroleum Bldg. 
= - Layton C., Shell Oil Refinery, Box 


TURNER, Delber W., Petroleum Rectifying Co., 
5121 S. Wayside. 

VAUGHAN, Wm. H., Tide Water Associated Oil 
Co., Box 1404. 

WADE, Paul A., University Houston, Hous- 
ton, Texas. For mail: 348 W. 23rd St.* 
WAIT, J. R., Jr., Pan American Pipe Line Co., 

Mellie Esperson Bldg. 
WALDRIP, H. E., Gulf Oil Corp., 5311 Kirby 


Drive. 
WALKER, Jack G., Rosson-Richards Co., 


Inc., 


Pacific Valves, Inc., 


2812 
University Blvd. 
wae. Eugene W., Shell Oil Co., Box 
2099. 
bai W. R., Plastic Coating Corp., Box 


WARING, W. H., Johns-Manville Sales Corp., 
Box 8217. 
WATTS, John C., 
Drawer 2220. 
WEIDLER, W. E., Jr., Aluminum Company of 

America, Commerce Bldg. 
WELSH, Myron E., 5520 Truett St. 
WHITLEY, Basil J: Jr., Tennessee Gas Trans- 
mission Co., Box 2511. 

WICKENS, T. L., University of Houston, Hous- 
ton, Texas. For mail: 4147 Rosalie St.* 
WILDE, H. D., Humble Oil & Refining Co., 
Box 2180. 
WILLSON, J. P., 

317 Drew Ave. 


Jv., Humble Pipe Line Co., 


Houston Light & Power Co., 


WINHAM, E. S., Standard Oil Company of 
Texas, Box 1249. 

WOOD, C. Lee, Houston Pipe Line Co., Petro- 
leum Bldg. 


WOOD, Elgean I., Westinghouse Electric & Man- 
ufacturing Co., 5730 Clinton Drive. 

WOOD, Hershel J., Lebanon Steel Foundry, 
Commerce Bldg. 

WOOD, William A., Jr., Products Research 
Service, Inc., Westwego, La. For mail: 1451 
Althea Drive. 

WOODY, Charles L., Ebasco Services, Inc., New 
York, N. Y. For mail: 3845 Law St. 

WRIGHT, Randolph Earle, The Texas Co., Box 


ZAJAC, Ted S., Shell Oil Co., Inc., Shell Bldg. 
ZEDLER, Otto F., Houston Pipe Line Div., Gulf 
Refining Co., Drawer 2100. 


IRAAN 


WATKINS, Jesse L., Shell Pipe Line Corp., 
Box 576. 


JACKSONVILLE 
HANES, Henry W., United Gas Corp. 


JOINERVILLE 
GRAVES, J. H., Tidal Pipe Line Co., Box 777. 
KATY 


GORDEN, C. D., Humble Oil & Refining Co., 
Box 276. 


KILGORE 


HUSTEAD, B. G., East Texas Salt Water Dis- 
posal Co., Box 633. 

NOYES, A. P., Consulting & Supervising Engi- 
neer, 200 N. Martin St. 


KINGSVILLE 


DOTTERWEICH, Frank H., 
Arts & Industries. 

FORBES, M. C., Celanese 
America, Box 868. 


LONGVIEW 


Wm. H., 
Box 2228. 
HENRY, R. E., Pipe Line Service _Corp., Box 


Texas College of 


Corporation of 


Pan American Pipe Line 


LOS FRESNOS 
AXTELL, Oliver. 
LUBBOCK 
MEEK, Gordon, Metal Goods Corp, 


College Ave. 
LUFKIN 


PORTER, Cover C., Southland Paper 


MARSHALL 


OGBURN, R., Griptite Manufacturing 
Box 


REEVES, M., Route Box 216. 


MATHIS 
Christi, Texas. For mail: Rural Route 


MIDLAND 


BOTTOMS, Vernon B., The Superior Oil 


Box 510. 
BRASHER, Harold C., Andex, Ine., 
Texas. For mail: 940 N. Edwards, 


Midland Tower. 
CRAWFORD, Guy G., Service Engineers, Ing, 
Box 1685. 


CRENSHAW, William H., American Inspectio, : 


Service, Midland Air Terminal. 
LEWIS, L. 
1660. 
LOOS, De Lasso, Cool & Stilley Engineering 

Co., 223 S. Big Spring. 
Box 1858. 


MOORE, Jack M., Dowell, Inc., 


MURRAY, Herman D., Cren-Ray Plastic Prod. 
ucts Co., Box 789. 

RAY, Edward B., Republic Natural Gas (o, 
Box 1644. 

SYBERT, Jack H., Standard Oil Company o/ 
Texas, Box 1660* 


TROSETH, Ralph, Texas-New Mexico Pipe Lin 
Co. 


NEDERLAND 


BEDELL, William S., Pure Oil Co., Box 231. 

FURTH, M. A., The Pure Oil Co., Box 2%. 

MURRAY, Christopher A., The Pure Oil (o, 
Box 237. 


NEWGULF 


TREICHLER, H. E., Texas Gulf Sulphur (0, 
Newegulf, Wharton County. 


ODESSA 


GENSBERG, 
4232. 
HEMPHILL, D. B., D. W. Haering & Co., Inc, 
Box 2728. 

HUNT, A. J., A. J. Hunt Contracting Co., Bo 
4066. 

KEMPER, E. O., Permian Enterprises, Ine, 
Box 4132. 

O’DELL, C. R., Tuboscope Co., Box 4004. 

PITTMAN, James H., Jr., Permian Enterprises, 
Ine., Box 4132. 


Aaron, Gulf Oil Corp., Drawe 


Odes: 
BUNDRANT, Charles Ollie, The Western (o, F 
SWEENY 


3., Standard Oil Co. of Texas, Bo & 


TEXAS 


LINEK, 
Box 1 153! 
KINNEAR, 

Co., Box 
RODEN, 


RANGER 


Compan} 


HOUNSELI 


267. 


ANTC 


Co., Bo: 
SIDWELL, 
Milam | 


HUNTER, 


TAFT 


YATES, 
Okla. 


CHERRY, 


ENDICOT"’ 
Corp. 
FERNANI 


MANNING 

MORRIS, 

PETTYJO 
cals Ce 


VAN 
WISDOM, 
Box 2: 


WICHITA 


SCOTT, Thomas W., The Parkersburg Rig 


Reel Co., 707 N. Alleghaney. ; 
SMITH, Tracy E., National Tank Co., Box 138. 
ORANGE 


EVANS, Thomas C., E. I. duPont de Nemours 
& Co., Inc., Box 2027. 


PAMPA 
STEIN, Walter G., Cabot Carbon Co., 
1101. 


PASADENA 


MITCHELL, Leo S., University of Houstat, 
Houston, Texas. For mail: 306 E. Harris St 


MULVANEY, E. J., Jr., University of Bey 
ton, Houston, Texas. For mail: 606 § 
Kansas St.* 


PEARLAND 
McCALL, Richard H., The Texas Co., Drawer? 


PORT ARTHUR 


BURNS, D. L., Gulf Oil Corp., 
COOK, W. B., Gulf Oil Corp., 


Box 701. 
Box 701. 


~~ James T., Jr., Gulf Oil Corp., Bo f 
Gulf Oil Corp., Port 


01. 
HUGHES, Charles F., 
Arthur, Texas. For mail: 


William W., The Texas 


1543 Ninth St. 
Co., Bor 


SOUTHERN, Charles M., Atlantic Pipe Line 


Box 849. 
WILTEN, Harry M., The Texas Co., Box 712. 


PORT NECHES 


BADGER, Edward C., Neches Butane Product 


Co., Box 1535. 
HENLEY, Don J., Jefferson Chemical Co. 
JACKSON, Hedley V., Jefferson Chemical 


SALT LA 
BROUGH 
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Box | 
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rp., Port 
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Co., Bor 
Line 


Box 712. 


Products 


Co. 


| yELINEK, F. R., Neches Butane Products Co., 
1535. 

KINNEAR, 
Box 1535. 

RODEN, Harry, The Texas Co. 

f sTRAWN, Lynn Rudolph, Jefferson Chemical 
q Co. 


Neches Butane Products 


RANGER 
David D., Premier Oil Refining 


REFUGIO 
HOUNSELL, Wm. H., Hounsell Laboratory, Box 
267. 


ANTONIO 


{ERON, L. J., Housing Authority of the 
San Antonio, 400 Labor St. 
COONS, Ansel L., 452 Natalen. 
McDONALD, Herschel C., United Gas Pipe Line 
| Co., Box 421. 
j puRviS, Frank, 215 E. Magnolia St. 

SAIGH, N. A., N. A., Saigh Co., Majestic Bldg. 
SCHLATHER, Max F., United Gas Pipe Line 
Co.. Box 421. 

SIDWELL, Joseph H., Hiawatha Oil & Gas Co., 
Milam Bldg. 


SWEENY 
HUNTER, Felix A., Co. 


TAFT 


YATES, Louie N., Sinclair Prairie Oil Co., Tulsa, 
Okla. For mail: Box 576. 


CITY 


CHERRY, R., Engineering Department, 
santo Chemical Co. 

—— P. E., Pan American Refining Corp., 
Box 401. 

DILLON, Charles P., Carbide & Carbon Chem- 
ical Corp. 

ENDICOTT, L. A., Carbide & Carbon Chemical 


Mon- 


Corp. 

FERNANDEZ, Henry J., Republic Oil Refining 
Co., Box 1191. 

Pan American Refining Corp., 
OX 

MANNING, John A., Jr., Tin Processing Corp. 

MORRIS, H. E., Monsanto Chemical Co. 

PETTYJOHN, A. R., Carbide & Carbon Chemi- 
cals Corp., Box 471. 


VAN 


— WISDOM, James A., Pure Transportation Co., 


Box 25 W. 


WICHITA FALLS 
a. W. O., United Gas Pipe Line Co., Box 


‘ le 

CASTLE, Harry, Jr., United Gas Corp., 810 
Lamar St. 

= Denis, United Gas Pipe Line Co., Box 


NORRIS, M., United Gas Pipe Line Co., Box 


780. 
RUHMANN, John P., City of Wichita Falls 
Water Dept., Box 1739. 


UTAH 
SALT LAKE CITY 
BROUGH, Harry R., Mountain Fuel@Supply Co., 


36 S. State. 

CHADWICK, H., Utah Oil Refining Co., 
Box 898. 

cox, John W., Utah Oil Refining Co., Utah 
Oil Bldg., Box 898. 

ERICKSON, Bert E., The Mountain States Tele- 
phone & Telegraph Co., 70 S. State St. 
LITTREAL, Wm. Bernard, Research Dept., Utah 

Oil Refining Co., Box 898. 

MALOUF, E. E., Kennicott Copper Corp., 
Arthur, Utah. For mail: 183 Kelsey Ave. 
PATTERSON, Bryan, General Paint Corp., 
Hill-Hubbell & Co. Dov., 676 S. 12th East. 
PURTON, A., Utah Power Light Co., Box 


899. 
W., Utah Oil Refining Co., 
898. 
VANCE, Robert W., Utah Power and Light Co. 


VIRGINIA 


ALEXANDRIA 


GRIGGS, Henry P., Operations Research Office, 
908 Overlook Drive, Huntington. 
FALLS CHURCH 


BUTLER, Ea. B., 525 
Lee Apts.—102. 


FORT BELVOIR 


HILL, Roy W., The Engineer Research & De- 

8 velopment Labs., The Engineer Center. 

ARGEANT, James A., Engineer Research and 
Development Labs., The Engineer Center. 


Knollwood Dr., Dora 
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HILTON VILLAGE 


CALVERT, R. C. M., Jr., Newport News Ship- 
building & Dry Dock Co., Newport News, 
Va. For mail: 15 Milford Rd. 

NEWPORT NEWS 


STREEVER, Otis J., Newport News Shipbuild- 
ing and Dry Dock Co. 


PORTSMOUTH 


ADAMSON, N. E., National Lead Co., 
York, N. Y. For mail: 532 North St. 


New 


WASHINGTON 
SEATTLE 
Sheldon Dunning Co., 
SHELTON 


JOHNSON, EARL A. N., Rayonier, Inc., Central 
Chemical Laboratory. 


SPOKANE 


EVERHART, E. Wayne, The Permanente Metals 
Corp., Trentwood Works, Box 1451. 


WEST VIRGINIA 
CHARLESTON 


COX, George C., Consulting Engineer, 
Washington Ave., S. E. 
SHIPMAN, Waldo A., United Fuel Gas Co., Box 


3711 


1273. 
VAN PETTON, Oliver W., Columbian Carbon 
Co., New York, N. Y. For mail: Box 873. 


CLARKSBURG 


CURLEY, William Romer, Hope Natural Gas 


Co., Clarksburg, West Va. For mail: 304 
Dunean Ave. 

MORGANTOWN 

HUFF, William R., 198 Kenmore, Suncrest. 


KOEHLER, Walter Allos, West Virginia Uni- 
versity, Mineral Industries Bldg. 


PARKERSBURG 


SCHWEMLEIN, William, The Parkersburg Rig 
& Reel Co., Box 1160. 


SOUTH CHARLESTON 


BANNEN, John, Carbide & Carbon Chemicals 
Corp., South Charleston, W. Va. For mail: 
509 Highland Ave. 

DUGGAN, James J., Carbide & Carbon Chemi- 
cals Corp., 437 MacCorkle Ave. 

HAMSTEAD, A. C., Carbide & Carbon Chemicals 


Corp. 
VAN DELINDER, L. S., Carbide & Carbon 
Chemicals Corp. 


ZIMMERER, Robert I., Food Machinery and 
Chemical Corp., Westvaco Chemical Div., 
Drawer J 

WISCONSIN 

APPLETON 


BROWN, Harold H., Wisconsin Michigan Power 
~~ Appleton, Wis. For mail: 1325 S. Mason 
t. 


DOWLING, Roy C., Wisconsin Telephone Co., 
1320 W. Wisconsin Ave. 


CUDAHY 


COOPER, Wm. C., Geo. J. Meyer Mfg. Co. 
FURGASON, Clyde A., Ladish Company, 
S. Packard St. 


5481 


KENOSHA 


BUTTERBAUGH, Homer W., 
Brass Co., 1420 63rd St. 


MADISON 

BJORKSTEN, Johan, Bjorksten Research Lab- 
oratories, 323 W. Gorham St. 

MILWAUKEE 


BECKWITH, Laurence J., Wisconsin Electric 
Power Co., 3721 McKinley Ave. 


The American 


CRAWFORD, W. E., A. O. Smith Corp., 3533 
N. 27th St. 

DERINGER, Wayne A., A. O. Smith Corp., 
3533 N. 27th St. 


DIECKS, A. N., Geuder Paeschke & Frey Co., 
324 North 15th St. 

GIFFORD, Edmund W., Himelblau, Byfield & 
Co., 611 N. Broadway Ave. 

HAASE, Harold F., Engineering College of Mar- 
quette University, Milwaukee, Wis. For mail: 
2919 W. Juneau Ave. 

HAHLER, John J., Jr., 3048A S. Ninth St.* 

LEVINSON, Irving S., Ampco Metal, Ine., 1745 
S. 38th St. 

MARTIN, Arthur R., Himelblau, Byfield & Co., 
611 N. Broadway. 


OF CORROSION ENGINEERS CANADA 
SCHEIL, Merrill A., A. O. Smith Corp., Box 
No. 584 


STOCKHAUSEN, Frank H., Specialty Coatings 
Lab., 713 S. Tenth St. 

WICEN, Robert E., Chain Belt Co., 1600 W. 
Bruce St. 

WOOLDRIDGE, Kent E.. Aluminum Company 
of America, 735 N. Water St. 


RACINE 


BRINEN, Howard F., Young Radiator 
Racine, Wis. For mail: 2226 Kinzie Ave. 

ORAVETZ, Julius A., War Dept., Engineer 
Office, Fort Sheridan, Ill. For mail: 3406 
Wright Ave. 

PEIRCE, Walter A., Racine Water Department, 
City Hall. 


Co., 


SOUTH MILWAUKEE 
EARLE, Raiph H., Line Material Co. 


WAUKESHA 


THOMAS, Ralph W., Waukesha Foundry Co., 
Lincoln Ave. 


WISCONSIN RAPIDS 


KLINGER, Lloyd L., Consolidated Water Power 
& Paper Co. 


WYOMING 
CASPER 
ae Robert L., The Ohio Oil Co., Box 
ROCK SPRINGS 
BASSANI, F. F., Mountain Fuel Supply Co., 
Box 1129. 


FOREIGN 


ARGENTINA 


BUENOS AIRES 
HICKETHIER, Carlos F., Azcuenaga 1183-93. 


AUSTRALIA 


MELBOURNE 
— Arthur James, Hume Steel, Ltd., Box 
534. 


JOHNSON, W. A., Melbourne & Metropolitan 
Board of Works, 110 Spencer St. 

LONGFIELD, C. M., State Electricity Commis- 
sion of Victoria, 22-32 William. 


BELGIUM 
BRUSSELS 


POURBAIX, M. J., Universite Libre De 
Bruxelles, 50 Avenue Franklin D. Roosevelt. 


CANADA 


BUCKINGHAM, QUEBEC 


SEATH, John, 
ada Ltd. 


CALGARY, ALBERTA 


BROWNIE, F. A., The Canadian Western Nat- 
ural Gas Co., Ltd., 215 Sixth Avenue W. 
KELLAM, G. D., Canadian Western Natural Gas, 
Light, Heat & Power Co., Ltd., 215 Sixth 

Ave. W. 

MELLON, P. D., The Canadian Western Natural 
Gas, Light, Heat & Power Co., Ltd., 215 
Sixth Ave. W. 

SNYDER, B. W., Canadian Western 
Gas Co., Ltd., 215 Sixth Ave. W. 

YOUNG, James W., Imperial Oil Co., Calgary, 
— Canada. For mail: 1409 Premier 

ay. 


CHATHAM, ONTARIO 


DUTTON, W. L., Union Gas Company of Can- 
ada, Ltd., Fifth St. 

RUSSELL, G. I., Union Gas Company of Can- 
ada, Ltd. 


Electric Reduction Co. of Can- 


Natural 


EDMONTON, ALBERTA 

McPHERSON, R. C., Northwestern 
Ltd., 10124 104th St. 

MOUNT, W. R., City of Edmonton, Waterworks 
Distribution System. 

WILLSON, B. F., Northwestern Utilities, Ltd., 
10124 104th St. 


ELMIRA, ONTARIO 
HAGER, Frederick, Naugatuck Chemicals. 


Utilities, 


| 
| 
~ 
| 


CANADA 


HALIFAX, NOVA SCOTIA 


BARNARD, K. N., Defence Research Board of 
Canada, Naval Research Estb., H.M.C.S. 
“‘Stadacona.” 

SMITH, H. D., Nova Scotia Research Founda- 
tion, Box 1027, Granville Sta. 


HAMILTON, Ontario 


DALTON, G. M., Canadian Westinghouse Co. 
Ltd., 286 Sanford Ave. 


KINGSTON, ONTARIO 


GODARD, H. P., Aluminum Laboratories, Ltd., 
Box 84. 


LACHINE, QUEBEC 


JEHU, Llewellyn, Jr., Dominion Bridge Co., Ltd., 
Fifth Ave. 


TUQUE, QUEBEC 
JOPP, J. M., Brown Corp. 


LONDON, ONTARIO 


HENDERSON, R. C., The Bell Telephone Com- 
pany of Canada, 479 Clarence St. 


MONTREAL, QUEBEC 


Hyatt, Canadian Industries, Ltd., 

ox 10. 

BARTRAM, Robert William, Robert W. Bar- 
tram, Ltd., 455 Craig St. 

BENT, Edgar. D., Northern Electric Co. Ltd., 
1261 Shearer St. 

HEWITT, Harry N., Shell Oil Co. of Canada, 
Ltd., Montreal E. Quebec. For mail: 11985 
Poincare St. 

HURLEY, E. T., Canadian National Railways, 
360 Sebastopol. 

LOCKWOOD, C. K., Shawinigan Chemicals, Ltd., 
Box 6072. 


OTTAWA, ONTARIO 
— Ivan C., Canadian Arsenels Ltd., Box 


ROGERS, R. R., Dept., Mines & Resources of 
Canada, Bureau of Mines, 568 Booth St. 
= J. F. J., Bureau of Mines, 40 Lydia 


PETROLIA, ONTARIO, QUEBEC 

NORWOOD, Vincent M., 
panies Ltd., Box 600. 

QUEBEC, QUEBEC 


BUTTERILL, Harold J., The Canadian Arma- 
ment Design and Experimental Establish- 
ment, Box 1427. 


Canadian Oil Com- 


SHAWINIGAN FALLS, QUEBEC 

BENSON, G., Shawinigan Chemicals Ltd. 
SHAW, George S., Shawinigan Chemicals, Ltd. 
TORONTO, ONTARIO 


COLE, R. J., Ontario Research Foundation, 
Toronto, Ontario. For mail: 7 Wells St. 
LAW, R. J., International Nickel Company of 
Canada, Ltd., 25 King St., W. 

MOYAR, Robert E., International Petroleum 
Co., Ltd., 434 University Ave. 

WATSON, T. R. B., Dominion Magnesium, Ltd., 
67 Yonge St. 


TRAIL, BRITISH COLUMBIA 


BUSBY, A. H. Wilson, Consolidated Mining & 
Smelting Company of Canada, Ltd. 


VANCOUVER, BRITISH COLUMBIA 


WOLLASTON, F. O., B. C. Electric Co., 425 
Carrall St. 


CANAL ZONE 
COCOLI 


McRAVEN, H., Navy, Box 526. 


DIABLO HEIGHTS 


MILES, John A., The Panama Canal, Box 562. 
MUNDT, W., Panama Canal, Box 52. 
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COLUMBIA 
BOGOTA 


LOWE, Marvin E., Texas Petroleum Co., Apar- 
tado Postal 877. 


CUCUTA 


BOWMAN, M. M., Colombian Petroleum Co., 
Apartado 100. 


CUBA 
HAVANA 


RIOS, Juan Rios, Cuban Telephone Co., Box 945. 


DUTCH WEST INDIES 


ARUBA 

LENNOX, William R., Firma John G. Eman, 
Nassaustraat, Oranjestad. 

CURACAO 


VAN DER BAAN, S., Curacaosche Petroleum 
Industrie, Maatschappij, Emmastad. 


ENGLAND 
LONDON 


FOOTNER, H. B., Shell Petroleum Co. Ltd., 
Engineering Dept., St. Helen’s Court. 
HURST, S., Tretol Limited, 12-14 North End 


Road. 
STRACHAN, John F., Anglo-Iranian Oil Co., 
Ltd., Britannic House, Finsbury Circus. 


FRANCE 
PARIS 
BEATRIX, Raymond H., Le Tube D’Acier, 6 
Rue Daru. 


JANNY, Louis, Societe Entrepose, 16 Rue Theo- 
dore de Banville. 


HOLLAND 
AMSTERDAM 


KOLFF van OOSTERWIJK, A. R., Labora- 
torium - Koninklijke Shell - Badhuisweg 3. 


DELFT 


LOBRY de BRUYN, C. A., Centraal Instituut 
voor Materiaalonderzoek (C.I.M.O.), Post- 
bus 49. 


THE HAUGE 


POST, J. H. G., N. V. De Bataafsche Petro- 
leum Maatschappij, Carel van Bylandtlaan, 


30. 
VANDER HOEVEN, H., N. V. Bataafsche Pe- 
troleum Co., 30 Carel Van Bylandtlaan. 


ISRAEL 
HAIFA 
SHOOR, A., Vulcan Foundaries, Ltd., Box 624. 
TEL-AVIV 
SPECTOR, Dov, Schapira Tyroler & Co., 


Electrical Engineers, 18, Mikve Israel St. 


ITALY 
BERGAMO 
DONATI, Enrico, Dalmine S. P. A. 
MILAN 


SCARPA, Oscar, Instituto di Elettrochimica del 
Politecnico, Dalmine S. P. A., Piazza Leo- 
nardo da Vinci. 


LEBANON 
BERUIT 


CULBERTSON, J. L., Trans-Arabian Pipe Line 
Co., Box 1348. 


CORROSION ENGINEERS 


HADDAD, I. S., Trans-Arabian Pipe Line Co, 

HORNE, Albert N., Trans-Arabian Pipe Lin 
Co., Box 1348. 

NELSON, Alan C., Trans-Arabian Pj 
Co., Box 1348. 


MEXICO 
MEXICO CITY 
FERNANDEZ y G. B., Petroleos Mexj 
Av. Juarez No. 95. oo 


MONTERREY 


LOBO, Humberto, Jr., Fabricas Protexa §, A, 
Zuazua 919 Sur Desp. 304. 

PORRAS, Jesus A., Gas Industrial 
Apartado. 1005. 


ROSITA COAHUILA 
M. W., Cia. Carbonifera De Sabina, 


PERSIAN GULF 
BAHREIN ISLAND 


DAVIS, Russell L., Bahrein Petroleum (o, 
Awali, Bahrein Island. 


PUERTO RICO 
HATO REY 
BADRENA, Fernando, Jr., Phosphate & Acid 


Works Div., Ochoa Fertilizer Corp., Hato 
Rey, Puerto Rico. For maii: Box 117. 


SAUDI ARABIA 
DHAHRAN 


SHULTZ, S. T., Arabian-American Oil Co. 


SOUTH IRAN 
ABADAN 
aoe Kenneth Brebner, Anglo-Iranian Oil Co, 
ti 


SPAIN 
BARCELONA 


GRAU, Vicente Massuet, Instituto Electroqu- 
mico, Sanz Y Massuet, S. A. 


TERRITORY HAWAII 
HILO 


NIWAO, — Hilo Electric Light Co., Ltd, 
Box 102 


HONOLULU 


GOWANS, Louis L., Honolulu Gas Co., Lid, 
75 S. King St. 

OHRT, Frederick, City & County of Honolulu, 
Board of Water Supply, Box 3410. 


VENEZUELA 
CARACAS 


AMADOR, J., Creole Petroleum Corp., 
tado 889, 

HACKETT,” Albert Harold, Venezuelan Tele 
phone Co. 1226. 

HURTADO, Instituto Nacional Obras 
de Aguas, Inos, Edo. 


MACHADO, Oscar, La Electricidad de Caracas, 
Marron A Pelota No. 8. 

VEECH, William A., Westinghouse Electric In 
ternational Co. * ‘Apartado 1889. 


MARACAIBO 


BRANNAN, = Ira, Mene Grande Oil Co, 
Apartado 234 

CONDE, Luis L., Venezuelan Government, 
No. 96, Hidrocarburos St. 

LOWE, R. A., Shell Caribbean Petroleum (o, 
Apartado 19. 

ZAUNER, John Hudson, Creole Petroleum 
Apartado 172, Salina. 
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Members 


(With Corporate Representatives) 


A 


the alphabetical and geographical lists herein. 


ALABAMA GAS CORP. 
Birmingham, Ala., Charles Gamble, Jr. 


ALABAMA POWER CO. 


Birmingham, Ala., Harris 
ALLEGHENY LUDLUM STEEL CORP. 
Brackenridge, Pa., Renshaw 
ALLIED CHEMICAL DYE CORP. 
Barrett Div., New York, Y., Cowart 
ALLOY STEEL PRODUCTS CO. 
ALUMINUM COMPANY AMERICA 
New Kensington, Pa., Verink, Jr. 
AMARILLO OIL CO. 
Amarillo, Texas, Cox 
AMERICAN BRASS CO., THE 
Waterbury, Conn., John Freeman, Jr. 
AMERICAN GAS ELECTRIC SERVICE CORP. 
New York, Y., Morse 
AMERICAN PETROLEUM CO. 
Houston, Texas, Irvine 


AMERICAN PIPE CONSTRUCTION CO. 


AMERCOAT DIVISION 
South Gate, Calif., Munger 
AMERICAN SMELTING AND REFINING CO., 
FEDERATED METALS DIV., 
New York, Y., Taylor 
AMERICAN STEEL WIRE CO. 
Cleveland, Ohio, Febrey 
AMERICAN TELEPHONE TELEGRAPH CO. 
New York, Y., Standring 
ANDERSON BROTHERS CORP., 
Houston, Texas, Rose 
ANGLO-IRANIAN. OIL CO., LTD. 
New York, Y., Jackson 
APEX SMELTING CO. 


ARKANSAS FUEL OIL CO. 


Shreveport, La., Babcock 
ARKANSAS LOUISIANA GAS CO. 

Shreveport, La., Broome 
ARKANSAS POWER LIGHT CO. 

Pine Bluff, Ark., Green 


ASSOCIATED CONTRACTORS ENGINEERS 
Houston, Texas, Forbes, Jr. 


ATCHISON, TOPEKA SANTA RAILWAY CO. 


ATLANTIC REFINING CO.,—REFINING DIV. 
Philadelphia, Pa., Deichler 


ATLANTIC REFINING CO.—PRODUCING DIV. 


Philadelphia, Pa., Moir 


ATLAS MINERAL PRODUCTS CO., THE 


Mertztown, Pa., Raymond Seymour 


BART MANUFACTURING INC. 


BATAAFSCHE PETROLEUM MAATSCHAPPIJ, 


The Hague, Holland, Post 


BECHTEL CORP. 


San Francisco, Cal., Connell 


BELL TELEPHONE LABORATORIES, INC. 


New York, Y., Robert Pope 


BETHLEHEM STEEL CO. 


Bethlehem, Pa., Frye 


BLACK-CLAWSON CO., THE 


Hamilton, Ohio, John Sheley 


ddresses in the following list are not necessarily those of the corporate representatives named. For mailing addresses of corporate representatives 


BRANCE-KRACHY INC. 

Houston, Texas, Wayne Broyles 
BRIDGEPORT BRASS 

Bridgeport, Conn., Bulow 
BRIGGS BITUMINOUS COMPOSITION CO. 

Philadelphia, Pa., Farber 
BUCKEYE PIPE LINE THE 

New York, Y., Helmbrecht 
BYERS, M., CO. 

Pittsburgh, Pa., Marrinan 
BYRON JACKSON CO. 

Los Angeles, Cal., Riordan 
CALIFORNIA CO., THE 

New Orleans, La., Kipp 
CAMERON IRON WORKS, INC. 

Houston, Texas, Jack Harris 
CANADIAN RIVER GAS CO. 

Amarillo, Texas, Clifton 
CANADIAN WESTERN NATURAL GAS LTD. 

Calgary, Alberta, Canada, Snyder 
CARNEGIE-ILLINOIS STEEL CORP. 

Pittsburgh, Pa., Larrabee 
CENTRAL ELECTRIC GAS CO. 

Lincoln, Neb., Louis Langhus 
CENTRAL POWER LIGHT CO. 

Corpus Christi, Texas, Geo. Mills 
CHAMPLIN REFINING CO. 

Enid, Okla., Wilmoth 
CHANSLOR-CANFIELD MIDWAY OIL CO. 

Los Angeles, Cal., Briggs 


CHATTANOOGA GAS CO. 
Chattanooga, Tenn., Derrick 


CHICAGO BRIDGE IRON CO. 
Chicago, Fred Goldsby 
CINCINNATI GAS ELECTRIC CO. 
Cincinnati, Ohio, Pfeiffer 
CITIES SERVICE GAS CO. 
Oklahoma City, Okla., Geo. Baird 
CITIES SERVICE REFINING CORP. 
Lake Charles, La., Mann 
CLARK BROTHERS INC. 
COLORADO INTERSTATE GAS CO. 
Colorado Springs, Colo., Abbott 
COLUMBIA ENGINEERING CORP. 
New York, Y., May 
COLUMBIAN CARBON CO. 
New York, Y., Reid Carr 
COLUMBUS SOUTHERN OHIO ELECTRIC CO. 
Columbus, Ohio, Streit 
COMMONWEALTH EDISON CO. 
Chicago, Ill., Alex Bailey 
CONSOLIDATED EDISON CO. NEW YORK, INC. 
New York, Y., Gorman 
CONSOLIDATED GAS ELECTRIC LIGHT POWER CO. 
BALTIMORE, Baltimore, Md., Dwyer 
CONSUMERS POWER CO. 
Jackson, Mich., Herringshaw 
CONTINENTAL OIL CO. 
Ponca City, Wilkinson 


CORN PRODUCTS REFINING CO., CHEMICAL DIV. 


+The revised Articles Organization which became effective January 1950, incorporates the grades membership formerly designated 
and into one grade membership designated 


rp., Hato 
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COSDEN PETROLEUM CORP. 

Big Spring, Texas, Thompson 
CRANE CO. 

Chicago, Vande Bogart 
CREOLE PETROLEUM CORP. 

Caracas, Venezuela, A., Amador 
CRUTCHER-ROLFS-CUMMINGS, INC. 

Houston, Texas, Rolfs 
DALLAS POWER LIGHT CO. 

Dallas, Texas, Robert Elliott 
DEARBORN CHEMICAL CO. 

DIXIE TANK BRIDGE CO., INC. 

Memphis, Tenn., Riley 
DOUGLAS AIRCRAFT INC. 

Santa Monica, Calif., Wood, Jr. 
DOW CHEMICAL 

Midland, Mich., Humble 
DOWELL, INC. 

Tulsa, Okla., Guy Williams 

Wilmington, Del., Myers 
DURIRON INC. 

Dayton, Ohio, Baker 
EAST BAY MUNICIPAL UTILITIES DISTRICT 

Oakland, Cal., Knudsen 
EAST OHIO GAS CO., THE 

Cleveland, Ohio, Vandaveer 
EASTERN STATES PETROLEUM INC. 

Houston, Texas, Ewald Roesler 
EBASCO SERVICES, INC. 

New York, Y., Miller 
ELECTRO RUST-PROOFING CORP. 

PASO NATURAL GAS CO. 

Paso, Texas, Perkins 
EMPIRE PIPE LINE 

Bartlesville, Okla., Clay Briggs 
ETHYL CORP. 

Baton Rouge, La., Harvey 
FEDERAL TELEPHONE RADIO CORP. 

East Newark, J., Powers 
FERRO CORP. 

FISH ENGINEERING CORP., THE 

Houston, Texas, Paul Hall 
FLINTKOTE 

New York, Y., Frank Neher 
FLORIDA POWER LIGHT CO. 

Miami, Fla., Summers 


GENERAL AMERICAN TRANSPORTATION CORP. 


Chicago, Paul Talmey 
GENERAL ELECTRIC 
Schenectady, Y., Wirene 
GENERAL PAINT CORP. 
HILL, HUBBELL COMPANY DIV. 
Cleveland, Ohio, Bowen 
GENERAL PETROLEUM CORP. 
Los Angeles, Cal., Turner Smith 
GLASFLOSS CORP., THE 
Hicksville, Long Island, Y., Yahnker 
GLASS FIBERS, INC. 
Waterville, Ohio, Capaul 
GOOD-ALL ELECTRIC MANUFACTURING CO. 
Ogallala, Neb., Goodall 
GRAVER TANK MANUFACTURING CO., INC. 
East Chicago, Ind., O’Brien 
GREAT LAKES PIPE LINE 
Kansas City, Mo., Keane 
GULF OIL CORP., MANUFACTURING DIV. 
Port Arthur, Texas, Burns 


GULF OIL CORP., GULF PROD. DIV., (Houston Div.) 


Houston, Texas, Walter Rogers 
GULF RESEARCH DEVELOPMENT CO. 
Pittsburgh, Pa., Wescott 


GULF STATES UTILITIES Co. 
Beaumont, Texas, Eckles 


HACKENSACK WATER CO. 
Weehawken, J., Alfke 
HARPER, M., CO. 
Morton Grove, Tom Scott 
HERCULES POWDER 
Wilmington, Del., Schultz 


HONOLULU, CITY COUNTY OF, BOARD 


SUPPLY, Honolulu, Hawaii, Frederick Ohrt 
HOUSTON NATURAL GAS CORP. 

Houston, Texas, Blanchard 
HOUSTON PIPE LINE CO. 

Houston, Texas, Lee Wood 
HUMBLE OIL REFINING CO. 

Houston, Texas, Wilde 
HUMBLE PIPE LINE 

Houston, Texas, Lomax 
INTERNATIONAL NICKEL INC., THE 

New York, Y., Friend 
INTERSTATE NATURAL GAS CO., INC. 

Monroe, La., Roddey 
INTERSTATE OIL PIPE LINE CO. 

Tulsa, Okla., Rawlins 
JOHNS-MANSVILLE SALES CORP. 

New York, Y., Baldwin 
KANSAS-NEBRASKA NATURAL GAS CO., 

Hastings, Neb., Leonard Hill 
KEYSTONE PIPE LINE CO. 

Philadelphia, Pa., Robert Lynch 
KOPPERS INC. 

Westfield, J., Stearns 
LACLEDE GAS LIGHT 

St. Louis, Mo., Schoene 
LEBANON STEEL FOUNDRY 

Lebanon, Pa., Platz, Jr. 
LION OIL CO. 

Dorado, Ark., Rogerson 
LONE STAR GAS CO. 

Dallas, Texas, Foster 
LOUISIANA POWER LIGHT CO. 

New Orleans, La., Hess 
LUMMUS THE 

New York, Y., Tibbetts 
MAGNOLIA PETROLEUM 

Beaumont, Texas, Knight 
MAGNOLIA PIPE LINE CO. 

Dallas, Texas, Levy 
MALONEY-CRAWFORD TANK MFG. CO. 

Sam Wilson 
MATHIESON CHEMICAL CORP. 

New York, Y., Bennett 
MAVOR, JAMES E., CO. 

Houston, Texas, Mavor 
McKEE, ARTHUR CO. 

Cleveland, Ohio, Wilson 


METROPOLITAN WATER DIST. SOUTHERN CAL 


Los Angeles, Cal., Julian Hinds 
MICHIGAN CONSOLIDATED GAS CO. 

Detroit, Mich., Weigele 
MID-CONTINENT PIPE LINE CO. 

Tulsa, Okla., Pyeatt, Jr. 
MIDWESTERN ENGINE EQUIPMENT CO. 

Tulsa, Okla., Glandon 
MISSISSIPPI GAS CO. 

Meridian, Miss., Griffin 
MISSISSIPPI POWER LIGHT CO. 

Jackson, Miss., Jones 
MISSISSIPPI RIVER FUEL CORP. 

St. Louis, Mo., Lowther 
MISSOURI-KANSAS-TEXAS LINES 

St. Louis, Mo., Hanger 
MISSOURI PACIFIC CO. 

(Guy Thompson, Trustee) 

St. Louis, Mo., Hart 
MOBILE GAS SERVICE CORP. 

Mobile, Ala., Harold Strange 


MONSANTO CHEMICAL CO. 
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MONTANA POWER CO., THE 
Butte, Mont., Davis 


MORRISON CONSTRUCTION CO., INC. 
Austin, Texas, Morrison 


MOUNTAIN FUEL SUPPLY CO. 


Salt Lake City, Utah, Harry Brough 
MUTUAL CHEMICAL COMPANY AMERICA 
New York, Y., Geo. Best 
Chicago, Newton Rich 
NATASCO CO. 
Tulsa, Okla., Nicholson 
NATIONAL ALUMINATE CORP. 
NATIONAL COOPERATIVE REFINERY ASS’N 
McPherson, Kan., Mary 


NATIONAL LEAD CO. RESEARCH LABORATORIES 
Brooklyn, Y., Alex Stewart 


NATIONAL SUPPLY CO. SPANG-CHALFANT DIV. 


Tulsa, Okla., Texter 
NATIONAL TANK CO. 
Tulsa, Okla., Glasgow 
NATURAL GAS PIPELINE CO. AMERICA 
NEW ORLEANS PUBLIC SERVICE, INC. 
New Orleans, La., Ireland 
NEW YORK RICHMOND GAS CO. 
Staten Island, New York, Y., Van Vliet 
NEW YORK CENTRAL RAILROAD CO., THE 
New York, Y., Thompson 
NOOTER, JOHN, BOILER WORKS CO. 
Louis, Mo., Walter Meyer 
NORTH PENN GAS CO. 
Port Allegheny, Pa., Isherwood 
NORTHERN NATURAL GAS CO. 
Omaha, Neb., Haas 
NORTHWESTERN UTILITIES, LTD. 
Edmonton, Alberta, McPherson 
NUKEM PRODUCTS CORP. 
Buffalo, Y., John Chandler 
OIL CO., THE 
Findlay, Ohio, Ralph Slough 
OKLAHOMA GAS ELECTRIC CO. 
Oklahoma City, Okla., Lima 
OKLAHOMA NATURAL GAS CO. 
Tulsa, Okla., Cloud 
OLIVER UNITED FILTERS, INC. 
Oakland, Calif., Flynn 
COUNCIL BLUFFS ELECTROLYSIS 
COMMITTEE, Omaha, Neb., Bruhn 
ELEVATOR CO. 
New York, Y., Joseph Mastroberte 
OWENS-CORNING FIBERGLAS CORP. 
Toledo, Ohio, Jensen 
PACIFIC GAS ELECTRIC CO. 
San Francisco, Calif., Schneider 
PACIFIC PIPELINE ENGINEERS, LTD. 
Los Angeles, Cal., Dishman 
PAN AMERICAN PIPE LINE CO. 
Houston, Texas, Wait, Jr. 
PANHANDLE EASTERN PIPELINE CO. 
Kansas City, Mo., Buddrus 
PARKERSBURG RIG REEL CO., THE 
Parkersburg, Va., William Schwemlein 
PEOPLES GAS, LIGHT COKE CO., THE 
Chicago, Ill., Ranta 
PEOPLES NATURAL GAS THE 
Pittsburgh, Pa., Erickson, Jr. 
PERRAULT BROTHERS 
Tulsa, Okla., Lewis Perrault 
PETROLEUM ENGINEERING, INC. 
Houston, Texas, Paul Raigorodsky 
PHILADELPHIA ELECTRIC CO. 
Philadelphia, Pa., Phelps 


PHILIP CAREY MFG. THE 
Lockland (Cincinnati), Ohio, 


CORROSION ENGINEERS 


PHILLIPS PETROLEUM CO. 
PIPE LINE SERVICE CORP. 
Franklin Park, Yeazel 
PITTSBURGH COKE CHEMICAL CO. 
Pittsburgh, Pa., Russell Coe 
PITTSBURGH PLATE GLASS CO. 
Barberton, Ohio, Paul Gegner 
PLANTATION LINE CO. 
Atlanta, Ga., Horstman 
PLASTIC COATING CORP. 
Houston, Texas, Walne 
PLASTIC LINING CORP. 
Chicago, Van Natta 
PORTLAND PIPE LINE CORP. 
Portland, Me., Carlton Goodwin 
POTASH COMPANY AMERICA 
PREMIER OIL REFINING CO. TEXAS, 
PIPE LINE DIV. 
Ranger, Texas, David Pickrell 
PRICE, C., CO. 
Bartlesville, Okla., Dewar 
PUBLIC SERVICE CORP. NEW JERSEY 
Newark, J., Geo. Blake 
PUBLIC SERVICE CO. NORTHERN ILLINOIS 
PULLMAN-STANDARD CAR MAUFACTURING CO. 
Chicago, Merrit Williamson 
PURE TRANSPORTATION CO. 
REPUBLIC NATURAL GAS CO. 
Dallas, Texas, Book 
REYNOLDS METALS CO. 
Louisville, Ky., Geo. Perkins 
RICHFIELD OIL CORP. 
Los Angeles, Calif., Purdy 
ROCHESTER GAS ELECTRIC CORP. 
Rochester, Y., Crofts 
ROCKWELL MFG. CO. 
NORDSTROM VALVE DIV. 
Pittsburgh, Pa., Matheson 
SAIGH CO. 
San Antonio, Texas, Saigh 
SAN DIEGO GAS ELECTRIC CO. 
San Diego, Calif., Klauber 
SAN FRANCISCO WATER DEPT. 
San Francisco, Cal., George Pracy 
SARGENT LUNDY, 
Chicago, Ludwig Skog, Jr. 
SCHENLEY DISTILLERS CORP. 
New York, Y., Kurt Ladenburg 
SCRANTON-SPRING BROOK 
Wilkes-Barre, Pa., Rulison Evans 
SHAMROCK OIL GAS CORP., THE 
Amarillo, Texas, Dan Long 
SHELL DEVELOPMENT 
San Francisco, Cal., Wachter 
SHELL OIL INC. 
New York, Y., 
SHELL PIPE LINE CORP. 
Houston, Texas, Anderson 
SIGNAL OIL GAS CO. 

Los Angeles, Calif., Kartinen 
SINCLAIR REFINING CO., PRODUCTS PIPE LINE 
Columbus, Ohio, Baker 
SIOUX CITY GAS ELECTRIC CO. 

Sioux City, Iowa, Dougherty 
SKELLY OIL CO. 

Tulsa, Okla., Rex Smith 
SLINE INDUSTRIAL PAINTERS 

Houston, Texas, Louis Sline 
SMITH, O., CORP. 

Milwaukee, Wis., Crawford 
SMITH CONTRACTING 

Fort Worth, Texas, Smith 


Court 


WATER SERVICE CO. 
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SOCONY-VACUUM OIL INC. 
New York, Y., Kleinheksel 
SOCONY-VACUUM OIL INC. 
WHITE EAGLE DIV. 
Wichita, Kan., Harry Phipps 
SOHIO PIPE LINE 
Cleveland, Ohio, Spahr 
SOLVENTS PLASTICS 

St. Louis, Mo., Wm. Deacon 
SOUTHEASTERN PIPE LINE CO. 
Atlanta, Ga., Winters 

SOUTHERN ALKALI CORP. 
Corpus Christi, Texas, John Polhamus 


SOUTHERN BELL TELEPHONE TELEGRAPH CO. 


Atlanta, Ga., White 
SOUTHERN COUNTIES GAS CO. CALIFORNIA 
Los Angeles, Calif., Senatoroff 
SOUTHERN MINERALS CORP. 
Corpus Christi, Texas, Peterson, Jr. 
SOUTHERN NATURAL GAS CO. 
Birmingham, Ala., Yeldell 
SOUTHERN PACIFIC 
San Francisco, Calif., Mayo 
SOUTHERN UNION GAS CO. 
Dallas, Texas, Reid 
SOUTHWESTERN GAS ELECTRIC CO. 
Shreveport, La., Frank Wilkes 
SPENCER CHEMICAL CO. 
Pittsburgh, Kan., Ralph Miller 
STANDARD OIL COMPANY CALIFORNIA 
San Francisco, Calif., Evans 
STANDARD OIL COMPANY INDIANA 
PIPE LINE DEPARTMENT 
STANDARD OIL DEVELOPMENT CO. 
ESSO ENGINEERING DEPARTMENT 
STANDARD PIPEPROTECTION, INC. 
Brentwood, Mo., Hugh Baird 
STANOLIND OIL GAS CO. 
Tulsa, Okla., Clark 
STANOLIND PIPE LINE CO. 
Tulsa, Okla., Polston 
STEARNS, 
Shreveport, La., Stearns 
ST. LOUIS-SAN FRANCISCO RAILWAY CO. 
St. Louis, Mo., Barry 
STONE WEBSTER ENGINEERING CORP. 
Boston, Mass., Edwin Powell 
STRATTON PIPE LINE CORP. 
Corpus Christi, Texas, Cribley 
SUN OIL CO. 
Philadelphia, Pa., Pearson 
TENNESSEE GAS TRANSMISSION CO. 


Houston, Texas, Charles Coates 


TEXAS EASTERN TRANSMISSION CORP. 
Shreveport, La., Pat Miller 


TEXAS ELECTRIC SERVICE CO. 
Fort Worth, Texas, Cordell 


TEXAS-EMPIRE PIPE LINE CO., THE 
Tulsa, Okla., Stivers 


TEXAS GAS TRANSMISSION CO. 
Memphis, Tenn., Fred Stull 


TEXAS GULF SULPHUR CO. 


Texas (Wharton Co.), Treichler 


TEXAS-NEW MEXICO PIPE LINE CO. 
Houston, Texas, Ralph Troseth 


TEXAS PIPE LINE THE 

Houston, Texas, Scherer 
TEXAS PUBLIC SERVICE CO. 

Galveston, Texas, Nicholls 
TIDE WATER ASSOCIATED OIL CO. 

Houston, Texas, Wm. Vaughan 
TRANS-ARABIAN PIPE LINE CO. 

San Francisco, Calif., Culbertson 
TRANSIT STORAGE CO. 

OHIO-MICHIGAN PIPE LINE DIV. 

Port Huron, Mich., Luis Garcia 
TRET-O-LITE CO. 

Webster Groves, Mo., Charles Blair 
UNION CARBIDE CARBON CORP. 

New York, Y., Geo. Sands 
UNION OIL COMPANY CALIFORNIA 

Los Angeles, Calif., Vance Jenkins 
UNION PACIFIC RAILROAD CO. 

Los Angeles, Wm. Reinhardt 
UNION PRODUCING CO. 

Shreveport, La., Bennett 
UNITED CHROMIUM, INC. 

New York, Y., Coyle 
UNITED GAS CORP. 

Houston, Texas, Flanagan 
UNITED GAS PIPE LINE CO. 

Shreveport, La., Abernathy 
UNITED IRON WORKS 

Oakland, Calif., Carlo Bartolero 
PIPE FOUNDRY CO. 

Burlington, J., Schuh 
UNIVERSAL OIL PRODUCTS CO. 

Chicago, Eugene Matson 
UTAH OIL REFINING CO. 

Salt Lake City, Utah, Cox 
WESTINGHOUSE ELECTRIC CORP. 

Pittsburgh, Pa., Kropf 
WILLIAMSON, INC. 

Tulsa, Okla., Williamson, Jr. 
SHEET TUBE CO., THE 
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